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FOREWORD 


T he bile, with its striking characteristics of color and 
taste, attracted the attention of the andents and has 
held the interest of physidans and sdentists to the 
present day. In no other subject in medicine have we a more 
complete record of the contrasting methods of approach to 
natural phenomena through the ages. Thus, the story of bile 
comes near being the natural history of the evolution of the 
sdentific method in medicine. To the ancients, dealing main- 
ly with mere ideas, the role of the bile in health and disease 
presented scarcely any problem. For could not cause and 
effect in nature be determined by pure logic? To the physi- 
cian and the laboratory investigator of today, questioning all 
theories and ever recheddng reported facts, bile presents ur- 
gent problems of increasing complexity. The winnowing of 
the literature on the bile problem is an enormous task, even 


for a scholar with experience both in clinical and laboratory 
research. But when completed with the breadth, objectivity, 
darity, and critical acumen disclosed in this monograph, it 
is a genuine service to medical science. This monograph 
raises more questions than it settles, despite its analysis of 
some two thousand years of speculation, observation, and 
experimentation on bile. It is a report of progress, a progress 
rendered possible by the advances in the sciences of biology, 
chemistry, and physics. Some of the more important ques- 
tions confronting today’s investigator on the bile problem 
could not even have been conceived in the days of Hippoc- 
rates and of Galen. This monograph should help to conserve 
the time of fellow-workers by its compilation of proved and 
of probable facts, by its charting of blind alleys, and by its 
indexes of methods of further experimental work in re^ons 


requiring more light. 


A. J. Carlson 


University of Chicago 
December 1937 
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PREFACE 


T his monograph endeavors to summarize and ana- 
lyze the physiologic and toxic actions of bile as re- 
vealed by past observations and experiments. It is 
hoped that this will stimulate further research, so much 
needed in this field, and that it will aid the physician in the 
recognition and rational therapy of various conditions with 
which jaundice is associated. 

Much has been written on^he clinical significance of bile, 
especiall y its relation to jaundi'c^ but no critical summary of 
our modern knowledge of the composition of bile and its re- 
lation to disease is available. The literature is voluminous. 
Some of it is based on clinical observations and laboratory 
investigations. Part of it belongs to philosophy, mythology, 
and quackery. The latter can be discarded wdthout difficulty, 
but the sifting of the serious literature is a difficult task 
where findings are divergent, and in many instances we must 
be satisfied wdth marshaling the pros and cons, leaving the 
decision to the future investigator. 

The bibliography is intended to conserve the time and la- 
bor of workers in this field. It seems extensive; but in general 
only the more significant publications have been included, 
particularly those pointing toward new lines of investiga- 
tion. In recent years good work has been done on bile in 
practically every country, but the various languages in 
which this work has been published present difficulties. 

Grateful acknowledgments are due to the Archives of 
Internal Medicine and to the Journal of Laboratory and Clini- 
cal Medicine for permission to reproduce portions of articles. 

I am particularly indebted to Professor A. J. Carlson for 
his advice, encouragement, and helpful guidance during my 
thirteen years of experimental work in the Department of 

be 
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Physiology of the University of Chicago and for his valuable 
suggestions in the writing of this monograph. 

The writer is grateful to Ruby Arnett Horrall for her aid 
in the preparation of the manuscript and the bibliography, 
to Miss Mary D. Alexander for her painstaking handling of 
the production of the book, and to my associates who have 
aided in the experimental work. 

This work, originally completed in 1931, has been re- 
written and revised in the light of the more recent work up 
/to Jul y, 1937. 

The oT 3 est-known word for bile is given on the title-page. 
This word was found in the Ebers Papyrus, which was writ- 
ten about 1600 B.c. 


O. H. Horrall 
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CHAPTER I 
HISTORY OF BILE 

T he idea that bile is toxic is almost as old as literature 
itself. The writings of the ancients contain numer- 
ous references to bile; the earliest-known reference 
is in an Egyptian sacerdotal papyrus* written about 1300 
B.c. (51 1)/ where it is advised for use in enemas. The word 
Ule signifies poison. The old Hebrew word is roshy which 
means poison. The Greek word is xoXiJ?* which means yellow 
and, metamorphically, indignation, anger, and wrath. This 
word has cognates in the Sanscrit and Slav languages. The 
Latin word bilis means bile, or bitterness (Pliny). Gallay 
which means gallnut or oak apple, is also used for bile. Still 
another Latin word, choleray was used for bile until the be- 
^nning of the eighteenth century. This word is really a 
translation fi-om the previously given Greek word. The Old 
French, Dutch, German, Old Norse, Anglo-Saxon, and Mid- 
dle English words are similar; and all have practically the 
same meaning. The Greek word was used as early as 

■ The translation here referred to has been questioned by some Egyptologists. 
* Numbers in parentheses refer to bibliography. 

3 Galem 'De atrabile: 

Yellow bile abnormal bile = neutral bile 
Xo\kpa ^cholera « bile, j aundice 

xoX^pixos a= cholericus = bilious, j aundiced 
jueXarxoXi? *= atra htlis or nigra bilis — black bile, melancholy or 
dejection, “supposed an abundant source of dis- 
ease” 

Biliosus (adj.)=full of bile, bilious, or hypochondriac 
Galeni De natura hominis: 

Body of man contains blood, pituita^ and two kinds of bile, yellow and black. 
.... Disease takes place if either kind of bile is in excess or defident, or if not duly 
united. Bile predominates in summer, and atrahilis in the autumn, 

Latin word/?/ (n.) is translated as gallbladder, bile, or gall; also as bitterness, 
anger, or wrath. 



a HISTORY OF BILE 

700 B.c. in the •writings of Archilochus; in 484 b.c. by Aeschy- 
lus; in 450 B.c. by Sophocles; and in 441 b.c. by Euripides. 
To Ebppocrates, 430 b.c., it naeant black bile or diseased bile. 
Accor^ng to a proverb recorded by Diphilus in 320 b.c., it 
was the custom of the mother to put gall to the nipple when 
the child was to be weaned, thus causing a disgust. By this 
time it had become a definitely established belief that bile 
was.to be avoided.* 

BiliSy meaning bile, was used by Cato; subfusio luridae 
bills, the jauncficed (overflowing with bile), by Anneus 
Seneca; cholera, for jaundice, by Celsus; galla, for gall, by 
Pliny, and for inferior harsh wine, by Lucilius. Virgil ex- 
pressed the pre'valent idea that bile is poisonous in: Sagittam 
armatam saevi Bartkus quam felle veneni .... torsit.^ In the 
medicine of the ancient Hindus, bile played an important 
part. The trido^a docterine is explained in the sacred books 
of the East: Kausikasutra, and various Vedas dating from 
before 1100 b . c . to not later than the second century before 
Christ. In Buddhist medicine the three faults are my u, pitta, 
and kapha — and bile and mucus. The do\a are responsible 
for all the morbidities of the body and, so long as they remain 
in thdr proper relation and balance, ■will not weaken the body 
or produce disease. According to these books, the bile of fish 
is poisonous {sus kalpa) (Muller, Dasgupta). 

It is natural that even the layman should be aware of bile 
because of its characteristic color, odor, and taste and be- 
cause of its presence in almost all forms of animal life. Animal 
food has been used for human consumption since the earliest 
recorded time; and all through the ages references have been 

4 Bile is used in various reH^ous purification rites and ceremonies, either to entice 
the good spirits or to drive away the evil (Willoughby). The religious uses of bile 
would require a large amount of space, which is not available in a work of this kind. 

The Kaffirs drink bile and seem to enjoy it, according to Harley (766, p. 18), 

In Abyssinia, bile is drunk as a tonic for the stomach and is considered a luxury; 
see Smith (1783). 

The Chinese add bile to their salad; see Haller (747, p. 18). 

5 *^An arrow armed with gall, of cruel poison, a Parthian has shot,” from Vir^l 
Aeneid xii. 857, 
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made to unfit or unclean food, especially to that which had 
been contaminated by bile. Probably most of these conclu- 
sions were drawn because of the peculiar taste and color pro- 
duced by bile when brought in contact with meat. The taste 
is very persistent and pungent. The color is characteristic, 
penetrating, and exceedingly difficult to remove or to fade, 
particularly from animal tissue. 

I HBppocrates,* 430 b.c,, based his whole system of medicine 
on the assumption that bile was the common cause of disease 
— in fact, he believed it to be the cause of practically all ill- 
ness. Widespread interest was aroused by his teachings. 
Centuries later, Galen, born a.d. 131, based his voluminous 

( medical works on the same assumption. He believed that 
virtually all the discomforts and ailments of the human body 
and mind were caused by bile — ^its varying location, char- 
acter, quality, and quantity. Accordingly, he founded, or 
rather re-established, a system of medicine with bile as the 
key to all diseases. He thought that yellow bile caused many 
! infirmities and that black bile, a poison, produced chronic 
\ suffering, apoplexy, convulsions, and melancholia. 

This teaching spread throughout Grreek, Roman, and 
Arabic medicine; and numerous systems were built upon it. 
For almost three thousand years the idea that bile was toxic 
and caused disease prevailed. It took the daring and indomi- 
table work of numerous clear, unfettered thinkers of the 
Middle Ages to emancipate medicine from these dogmatic 
views. Galen’s works were the law, and no one dared to re- 

* Hippocrates (823); 

I, De morhis i. 2: All cHsease arises from bile or phlegm. 

2. De naiura homtnis iv. 6. 39: 

Four humors; blood, phlegm, yellow bile, and black bile. 

Disease arises from improper balance or excess or defect of any of these. 

3. De morhis iv. 33. (7) 540: Four humors; blood from the heart; phlegm 
from the head; yellow bile from the liver; and dropsy (water) from the 
spleen. 

Galen and KBppocrates (Coxe); 

The four car^nal humors are bloody pituita (phlegm), bile (yellow bile), and 
melancholy (black bile). 

Changes in these humors cause a large proportion of morbid actions or diseases. 
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fute or question them, under penalty of death.’ When once 
the works were refuted, the references to bile became few 
and implied charlatanism. Hence, for a time, few ideas were 
expressed as to the action of bile or its toxicity until the 
latter part of the eighteenth century. However, early in the 
sixteenth century Paracelsus completely rejected the idea 
that bile had pathogenic properties. He thought it a useless 
refuse, a meaningless excretion. Van Helmont, in 1648, tak- 
ing a middle course, declared that bile was nonpathogenic — 
indeed “the very balsam of life, a noble juice which could not 
cause disease.” But it was Sydenham, in 1669, following the 
revolutionary work of William Harvey in England in 1628, 
who first expressed the view that jaundice was a symptom 
and accompanied very different diseases. 

Literature on biliary and melancholy humors continued to 
appear during the first half of the eighteenth century. Nuck, 
1723, stated that diseases were due to deficit bilis, contra 
quantitate nimia, and contra quantitate oitiosa. He explained 
that various diseases were due to too little bile, to too thick 
bile, and mentioned diarrhoea biliosa, dysenteriam and icterus 
and advised cholagugues. In 1747 Quesnay wrote chapters on 
biliary and melancholy humors. He said that the biliary 
humor dissolved all other humors and actually got into the 
blood; that bile was, of all humors, the most corruptible; 
that it exdted the intestine and caused itself to be expelled 
because of its acrimonie, and was the cause of dysenteries and 
diarrhea. He declared black bile, atrabilisj the melancholy 
humor, to be abundant in different excretions and suppura- 
tion, and the cause of many diseases; and maintained that 

7 Paracelsus, in 1 527, burned the works of Galen; and the authorities forced him 
to leave BaseL 

Vesalius, 15:43, published an anatomy contrary to the Galenical traditions, and 
the persecudon that followed caused him to burn publicly his own books and to 
quit teaching. 

Harvey, 1642, was working on the drculadon of the blood when his chambers in 
Whitehall were invaded by parliamentary troops, who destroyed his experimental 
work and Hs manuscripts (Garrison, History of Medicine^ p. 245). 
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temperament was dependent on the humor which was tempo- 
rarily predominant. 

Many views as to diseases of the liver appeared from the 
time of van Helmont, 1648, up to the beginning of the nine- 
teenth century, when intensive work was begun on the 
chemistry of bile by Thenard, 1805; Berzelius, 1814; followed 
by Tiedemann and Gmelin, 1826; and Demargay, 1838. 
Various diseases of the liver had been described, and to a cer- 
tain extent the pathology of the liver had been worked out; 
but practically nothing had been done with bile until the in- 
vestigation of the chemical side of the question was started 
early in the nineteenth century. In 1852 Budd (299) wrote 
about the excessive and diminished secretion of bile, its 
altered quality, and unhealthy states. He described many 
kinds of bile found at autopsy and attributed the changes to 
the particular diseases. 

It is significant, however, that Berzelius said that more 
work had been done on bile previous to 1800 than on any 
other animal fluid. His reviews of the chemistry of bile from 
1800 to 1842 cited the work of Fourcroy and Vauquelin, who, 
in 1790, made the first chemical analysis of bile. In his own 
analysis in 1808, he identified some of its constituents. In 
1841 he presented a new analysis, in which he named numer- 
ous constituents; many of these names have been retained 
to the present time. Some substances were incorrectly named 
chemically, and others have been renamed for various rea- 
sons. Meanwhile, Demargay found a method of removing 
mucus from bile which made it easier to work with other 
components. The empirical formulas for some of the acids 
were worked out by Demargay and Dumas. 

Beginning with the discovery of acid glycocholique by von 
Gk)rup-Besanez, 1846, the idea of the composition of bile en- 
tirely changed. There had been some evidence that bile was 
not a single chemical substance. This discovery opened the 
entire field for the investigation of the composition of bile. 
Then came the notable works of Strecker, in 1848, with bile 
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acids; Marsson, in 1849, with the identification of various 
constituents of bile; and Hoppe-Seyler, in 1862, with the 
chemistry of bile. It had been established by that time that 
bile is not a simple chemical substance but a very complex 
one, or rather a mixture of a great variety of chemical sub- 
stances. Some of these substances are simple, while others 
are very intricate and even now have unknown chemical 
formulas. The present writer has been unable to find any 
one article that attempts to list completely the various con- 
stituents of bile. 

Many substances found in bile are modified by their inter- 
relation with other substances and probably act as “sym- 
biotic” materials; for example, if bile acids are removed from 
bile, bilirubin and cholesterol are precipitated. It would ap- 
pear that any work on bile must take into account this com- 
plexity. New substances may be added to bile, or it may be 
altered at different times and under different conditions or 
may be modified in various diseases. At the present time we 
do not know the actual complete chemistry of normal bile; 
and practically nothing is known of its chemistry under 
pathologic conditions. Only a few abnormal substances have 
been isolated from bile; probably many occur in it under 
various conditions. 

The word bile.^ in much of the present research work, refers 
to the fluid that comes from the liver of an animal by way of 
the bile passages and that has the characteristic color. Bile 
may contain very little bile salts, or it may contain as much 
as 20 per cent. It is commonly called bile if it has the essen- 
tial color. 

R]£sUMi 

Bile has been known during all recorded time. It was be- 
lieved to be the cause of all diseases, both physical and men- 
tal, until recently. Only during the past century has its real 
identity become known and fruitful research been started. 



CHAPTER II 

EXPERIMENTAL HISTORY 

FIRST EXPERIMENT 

T he first biologic experiments with bile were made by 
Deidier in 172a. Bile was obtained from patients who 
had died of the plague at Marseilles, and was injected 
intravenously into dogs. All the dogs died quickly. Bile was 
also placed on open wounds in dogs, and they all died; when 
^ven by mouth, the bile caused no illness. Deidier concluded 
that bile was toxic when given intravenously. 

ANIMAL EXPERIMENTS 

It was found by Magendie, 1824, that when i gm. of bile 
was injected into the crural vein of dogs they died within a 
few moments. The same quantity injected slowly into the 
vena porta caused no disturbance. He concluded that the in- 
travenous injection of bile was invariably fatal. Neverthe- 
less, he rightly said that, in the present state of ignorance 
relative to the cause of disease, noxious properties were at- 
tributed to bile which it is far from possessing. Goupil, in 
1838, injected 16 cc. of bile into the saphenous vein of a dog. 
There was some general agitation which appeared shortly 
after the injection, but the dog gradually recovered without 
any disturbance in health. Injection of the same quantity of 
whole bile into the vena porta was followed by no toxic 
symptoms. Up to this time, very little was known of the 
chemistry of bile, since only qualitative work had been done 
and few constituents had been identified. F. Bouisson, in 
1843, repeating the work of Magendie, used human whole 
gallbladder bile and injected 6 cc. into the jugular of rabbits, 
causing the death of all. On dissection he found distension 
of the right heart and thrombosis of the pulmonary artery. 

7 
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When the bile was filtered and then injected, the rabbits were 
temporarily sick with stupor and malaise but in a few hours 
became quite well again. He then concluded that impurities 
which could be filtered out caused the ill effects; that death 
was due to the mechanical blocking of the capillaries of the 
lung by substances which were suspended in the bile; and 
that bile itself was nontoxic. Henle also doubted the poison- 
ous action of bile, and in 1847 stated that the widespread 
opinion that bile was poisonous had not been proved. He 
found that ox bile was an excellent preservative for the red 
corpuscles of the frog. Moleschott, 185a, removed the livers 
from frogs, which lived for some time afterward, but no 
chemical trace of bile acids was found in the blood, lymph, 
or urine. 

In 1854 von Dusch began his experimental work with the 
various constituents of bile. Bile salts, chiefly the cholate 
portion, were very poisonous, according to his findings; but 
taurin and glycocoU were not. Filtered ox bile was injected 
intravenously into rabbits, causing death in 2-3 minutes. 
Von Dusch made the first extensive study of the toxicity of 
bile salts (this will be referred to later in detail). Frerichs, in 
1858, was the first to use mucus-free decolorized ox bile, con- 
cluding that bile was never fatal unless air was introduced in- 
to the vein. He also used sodium glycocholate and sodium 
taurocholate intravenously, and erroneously concluded that 
bile acids were converted into bile pigments. 

In the same year Kuhne proved that bile acids, as well as 
bile pigments, passed over into the \irine in obstructive 
jaundice; that bile acids were not decomposed by the blood 
but were excreted by way of the kidneys unchanged; and that 
bile acids injected intravenously were likewise excreted. He 
concluded that intravenous bile caused the red cells to give 
off hematin, which was changed into bile pigment, and that 
the bile acids normally passed off with the feces and were not 
reabsorbed from the intestine. 

In December, 1858, Valentin (634), in Frerichs’ laboratory, 
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discovered the similarity between hematin crystals and bile- 
pigment crystals. Then Frerichs admitted the possibility of a 
relationship between bile pigment and blood pigment. Thus, 
for the first time was the source of bilirubin indicated. 
Frerichs (634), however, still maintained his theory that the 
colorless biliary acids were also convertible into bile pigment. 

Bile acids (salts) were injected intravenously into dogs by 
Neukomm,’' i860, who, failing to recover bile acids from the 
urine, and finding bile pigments present chemically, con- 
cluded that the bile adds were changed into bile pigments in 
the blood stream and as such were excreted in the urine. He 
thought it possible that some special organ, such as the liver 
or pancreas, or that a reaction with fat, caused the change 
from bile add to bile pigment. 

Using dogs in some of the experiments, Betz,* 1862, placed 
ligatures about the vessels to and from the liver, and about 
the bile ducts, and observed the elFect of the tightening of 
ligatures on the blood and bile flow. The liver was excised 
and placed in a bell-jar apparatus with manometers and in- 
fusion tubes which were connected with the liver vessels and 
bile ducts. The effects of variations in pressure of the inflow- 
ing solutions were observed, also the effect of occlusion of the 
vessels and ducts. He showed that even a slight pressure on 
the biliary duct, causing obstruction, was followed by a 
diminished portal blood flow; and he attributed the symp- 
toms to mechanical, rather than to toxic, effect. 

* Neukomm (1376), without anesthetic, injected 0.8 gm. of sodium glycocholate 
in 10 cc. of water into the crural vein of a dog. The urine was collected for 36 hours 
afterward and tested for bile adds. None were found. Four weeks later 1.5 gm. 
of sodium glycocholate in la cc. of water was injected into the left jugular vein of 
the same dog. In 31 hours 1,130 cc. of urine was collected. Bile pigment gave a 
marked reaction. No bile adds were found. Fourteen days later 1.3 gm. of sodium 
glycocholate in 9 cc. of water was injected in the right jugular vein of the same dog. 
Bile pigments were found, but no bile adds. Fourteen days later 2.2 gm. of sodium 
glycocholate in 14 cc. of water was injected intravenously into the same dog. The 
unne contained bile pigments, and there was a slight trace of bile adds. 

*(167): “Aus diesen Versuchen geht deutlich hervor, dass durch eine 
Hemmung im Ausfiusse der Galle der Pfortaderstrom um em sehr Merldiches 
beeintrachtigt ist.” 
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The conclusion that bile acids are the only toxic substances 
in bile was first reached by Rohrig in 1863. Filtered ox bile, 
6 cc., was injected into the jugular vein of rabbits, resulting 
in death a minutes after the second injection. Following the 
injection of cholesterol, taurin, glycocoll, and bile pigments 
separately, there was no reaction; and he deduced that the 
toxicity was in the conjugated bile acids. In the same year 
Landois supported Rohrig, by his findings in experiments 
with frogs, rabbits, and cats. An intracardiac injection of bile 
and bile acids was made; at first the heart beat more rapidly 
but later failed. The first graphic records were made by 
Tiuube in 1864. Using the kymograph, he showed that bile 
adds acted on the heart when given to a dog intravenously. 
The nervous symptoms in jaundice were attributed to nutri- 
tional disturbances as a result of anemia of the brain, caused 
by the destruction of the oxygen-carrying red cells in the 
blood. 

Working with frogs and dogs, Leyden, in 1866, observed 
the toxic action of bile caused by various kinds of application, 
including intracardiac and intracarotid injections; and, find- 
ing bile acids in the blood of patients with icterus gravis, he 
concluded that bile salts have an “eminent” poisonous action. 

After placing a frog’s heart in bile, Schack, in 1868 ob- 
served the loss of irritability; and the morphology was so 
altered that the cross-striations of the muscle fibers disap- 
peared. 

Experimenting with dogs and guinea-pigs, SchifF, in 1870, 
made external biliary fistulas and found that the excreted bile 
quantity gradually sank to a low level and remained there. 
When all the collected bile was put into the intestine, the 
fistula output of bile increased to the previous normal. Dog 
bile or ox bile put into the stomach or small intestine caused 
a greater secretion of fistula bile. The injection of a larger 
quantity, 70-ioo cc., produced a greater amount of secretion, 
which continued over a longer period; but the entire amount 
that went into the intestine was never quantitatively ac- 
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counted for. Injection into the blood had the same effect on 
the fistula-bile output. When the portal artery of cats was 
ligated, the circulation of the bile adds and pigment was more 
rapidly diminished. After a collateral circulation had been 
established, the bile substances appeared in the blood stream 
(general drculation) in larger quantities, because they were 
absorbed again from the intestine, instead of all being ex- 
creted. He concluded that bile was nontoxic, because in the 
enterohepatic circulation each time the bile made a circuit it 
grew smaller and smaller in amount. When the portal artery 
was obstructed, the absorbed substances went into the gen- 
eral circulation, causing toxic symptoms. 

Freshly secreted bile was obtained from the hepatic duct 
of a rabbit and injected likewise into rabbits by Ranke in 
1871, and no reaction followed; but the injection of 15 mg. of 
bile acids caused death. He concluded that there was no ac- 
tion on the heart but that the alkaline salts caused blood 
clots and thrombosis of the pulmonary arteries by breaking 
up the red cells. 

Bile, bile salts, cholesterol, and other bile constituents were 
injected intravenously into dogs by Feltz and Ritter, 1874- 
76. When 1 5 cc. of beef or pig bile were injected into the 
crural vein of a dog weighing 15 lb., the heart became ir- 
regular, the respiration rate at first increased, then decreased, 
and the dog went into convulsions. Bile salts prepared from 
beef bile gave the same toxic symptoms. They concluded 
that the poisonous action of bile was in the salts: sodium 
taurocholate and sodium glycocholate. Intravenous injection 
of 0.46 gm. of sodivun taurocholate per kilogram of body 
weight caused the death of dogs. An injection of 0.51 gm. of 
Platner’s crystallized bile also caused death. They opposed 
the views of von Dusch, Rohrig, and Leyden and explained 
that sodium cKblate and Choloidinsaures^ are not poisonous. 
They also showed that cholesterol in strong solution pro- 
duced emboli but of itself is not toxic. 

3 Old High German (Kuhne [1034]). 
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It was observed by Bouchard, collaborating with Tapret, 
that a 2 per cent solution of bile salts in water killed a rabbit 
weighing i kg., but that the bile decolorized by carbon lost 
two-thirds of its toxicity. He concluded that bile salts were, 
indeed, less poisonous than the pigment but that they never- 
theless destroyed parts of the cells in the body and thereby 
liberated the intracellular and imprisoned poisons. The elim- 
ination of these poisons through the kidneys caused injury, 
cholemia appeared, and then the disease progressed through 
acholia to uremia. He< believed that as long as the kidneys 
acted in icterus the urine was poisonous and the bile non- 
poisonous, but that when the kidneys did not act the bile was 
poisonous and the urine nonpoisonous. In 1887 he reported 
that bile which had been filtered through animal charcoal, 
freeing it of the pigments, lost 60 per cent of its toxicity. He 
injected 4-6 cc. of beef bile intravenously into rabbits, caus- 
ing the death of the rabbits. From these investigations he 
concluded that there are two poisons in bile; the biliary 
salts, which have been so recognized; and a substance which, 
up to his time, had not been appreciated from a toxic point of 
view, viz., the coloring matter. This he believed to be a new 
revelation in pathology. He surmised that the precipitation 
of the coloring matter and salts from the bile in the intestine 
prevented them from bring absorbed, thus rendering the bile 
less toxic. The preripitated pigments and salts were, he 
thought, passed out of the body in the feces. He did not take 
into account the possibility of the animal charcoal removing 
some of the bile salts at the same time. 

The present writer repeated these experiments and found 
that in the process of removing the bile pigments the specific 
gravity of the filtrate of bile was greatly reduced, and that the 
bile salts were reduced approximately one-half. The toxicity 
of bile was likewise reduced. 

Bile in a dog’s stomach caused no disturbance; but sub- 

^Bouchard (233, p. 780): "Ce liquide est extrtoement toxique; il Test 9 fois 
plus que I’urine.” 
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cutaneous injections in rats caused death if a sufficient quan- 
tity were used, according to Prevost and Binet, 1888. When 
a smaller quantity was used, a local abscess developed at the 
site of injection. An injection of 0.5 gm. of bile salts per kilo- 
gram of body weight caused the death of rabbits. In a second 
observation, they attributed death to the injections of 0.05 gm. 
of bilirubin per kilogram of body weight. 

In 1889 Bruin estimated that bilirubin was five times 
more toxic than the bile salts. He based his conclusions on 
intravenous injections of bile, and bile decolorized by animal 
charcoal, into rabbits. He found the latter much less tosdc. 
In 1890 Plaesterer found that bilirubin, dissolved in sodium 
carbonate and injected subcutaneously or intravenously, 
always caused death. He used from o.i to 0.004 
rubin from ox gallstones in frogs, rabbits, and mice. 

The autopsy was significant in showing thrombosis of the 
intestinal vessels. Sodium carbonate itself in strong solution, 
when given intravenously, will cause intra vitam coagulation 
in the smaller vessels. 

Determination of varying natural specific gravities of bile 
was made and recorded by Polimanti, 1896. He attempted to 
establish the relation of tojdcity to specific gravity, and his 
experiments showed that bile toxicity does vary according to 
specific gravity. He used methods similar to those of Lugli. 

The toxicity of filtered bile was investigated by Lugli, 
1899, who stated that bile, decolorized by animal charcoal, 
was one-fourth as toxic for rabbits when given intravenously 
as that not decolorized. Fistula bile from dogs was injected 
into the large ear veins of rabbits. A portion of the same bile 
was also filtered and decolorized by animal charcoal until it 
was entirely clear and colorless. Injection of the bile was con- 
tinued at a given rate until the animal died. It was necessary 
to use 83, 85, and 102, cc., respectively, to kill each of three 
rabbits. The rabbits weighed from i to 1.5 kg. The decolor- 
ized fistula bile was also injected, and required a somewhat 
greater quantity, namely, 136, i6a, and ia6 cc. for each of 
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three rabbits, respectively, following ligature of the vena 
porta. The average amount of dog fistula bile necessary to 
kill was 31.7 cc. per rabbit. When the same bile was decolor- 
ized, it was necessary to inject 119 cc., 175 cc., and 214 cc. 
From these experiments he concluded that “die entfarbe 
Galle ist viermal weniger giftig als die nich entfarbe” and 
that, of the constituents of bile, bilirubin is the most toxic. 
He also concluded that bile was the most toxic secretion of 
the organism. Lugli found the toxicity of bile to be almost in 
direct proportion to its solid content and density. He be- 
lieved that the poisons which go from the intestine to the 
liver were shut off by ligature of tKe portal vein, as shown in 
the accompanying tables. This work has been confirmed by 
Colasanti in 1899. 



Density 

Toxicity 

Gallbladder bile 

1,043 

1 ,018 

6.3 CC. 
21 

Fistula bile 

Fistula bile after ligature of portal 
vein 

I ,012 

34-5 





Ligature or Portal Vein 

Before 

After 

Bile toxidity 

21.5 cc. 
0.281 

34-5 cc- 
0.161 

Coefficient of bile toxidty 



Rabbit bile was used mainly by Meltzer and Salant, 1906, 
in thdr experiments; but ox, dog, and guinea.-pig bile were 
also used. These various biles, boiled bile, and various bile 
constituents were injected mostly in the dorsal and ventral 
lymph sacs of frogs. From this work they arrived at the con- 
clusions that the boiling of bile reduced the toxicity of the 
bile as a whole, while stagnant gallbladder bile became very 
toxic, the depressing element being the controlling factor. 
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This depressing substance caused coma, stupor, and paraly- 
sis. Bile also contained a tetanic element (exciting), causing 
convulsions, tetanic attacks, hyperesthesia, and excitation. 

Bile salts were called protoplasmic poisons by Neufeld and 
Handel, 1908, and were found to have a cytotoxic effect, 
causing hemolysis of red cells, disintegration of white cells, 
disruption of spermatozoa, hemorrhage, albuminuria, and 
lysis of protozoa. Most of the previous investigators agreed 
that bile was toxic in some form or another. It was stated by 
Leyden that bile salts have the same toxicity and produce the 
same danger as bile pigment, while the other constituents are 
harmless. 

The relative toxicity of bile from different animals may 
vary considerably. Rabbit bile, according to Bunting and 
Brown, 1911, is more toric to rabbits than the bile of any 
other animal is to others of its kind or to rabbits. Gallbladder 
bile of the dog, when given intravenously to rabbits, has a 
much greater toxicity than fistula bile (Lugli). Fistula bile of 
dogs, given intravenously to guinea-pigs and rabbits, caused 
death. Gallbladder bile is three to four times more toxic than 
fistula bile. Fistula bile of various dogs diflFers; also, that of 
the same dog is different at different times, according to the 
variations in activity (?) and food intake. Bile salts in the 
blood are not in combination with the proteins, for the blood 
is not acid enough to cause this reaction (1491). 

Intravenous injections of sodium taurocholate, 1 cc. of a 
1 : 800 salt solution, in rabbits were used by Ponder, i9ai ; no 
evidence of hemoglobinuria or hemolysis in the serum was 
observed. By the Bertrand modification of the Pettenkofer 
test there was only a trace of bile salts in the urine. Details of 
this work will be given in the discussion of the effect of bile 
on the red cells. 

Sodium glycocholate in 1 per cent (0.07 gm. per kilogram) 
solution ^ven intravenously to rabbits had no marked ac- 
tion; 0.08 gm. caused restlessness; 0.09 gm. killed the animal; 
post-mortem intestinal peristalsis was increased. An injec- 



i6 EXPERIMENTAL HISTORY 

tion of o.o8 gm. of sodium taurocholate caused tonic convul- 
sions and slow breathing. Gillert thought that the toxicity 
of the different bile acids varied according to the inverse 
proportion of their surface tensions. 

Mucin in the bile delayed absorption and prevented 
hemolysis of the red blood cells, Mellanby (1262). When 
mucin-free bile or bile salts were injected into the gut, they 
frequently caused hemolysis of the red cells and hemoglo- 
binuria, which suggested a possible function for mucin in the 
bile. Bile is much less active as a pancreatic juice excitant 
than mucin-free bile. 

The loss of bile by external fistula, according to Diittmann, 
1927, caused acidosis, with altering of the calcium metab- 
olism, owing to inability to absorb vitamins A and D, which 
are contained in the fat, as bile salts are necessary for the 
absorption of fat from the intestine. The absence of the vi- 
tamins is followed by mobilization of the calcium from the 
bone, causing osteoporosis. Discussion will follow under the 
subject of “Bile Fistula.” 

Bile adds and bile pigments were precipitated in the livers 
of rabbits by treating the livers with a 3 per cent solution of 
barium chloride (Forsgren, 1928). The microscopic examina- 
tion of the cells of the liver stained by acidified fuchsin, ac- 
cording to Mallory’s method, showed a large amount of 
“secretion granules” which Forsgren believed to be bile 
adds. More granules were seen following the feeding of bile 
than after an ordinary dietary regime. These granules in 
some pre-excretory form actually lay within the liver cells. 
He concluded that the liver cells may hold a variable quan- 
tity of spedfic bile constituents. This quantity sometimes oc- 
curs sparingly and at other times more abundantly. 

DISCUSSION 

These variations in the toxidty of different biles may be 
explained in various ways; (i) The quantity of bile adds in 
the bile may vary considerably. (2) The kind of bile adds in 
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the bile may vary, such as taurocholic acid in dog bile and 
glycocholic acid in ox bile. (3) The amount of protective sub- 
stances, such as cholesterol and protein, may vary substan- 
tially, the smaller the amount of cholesterol present with bile 
acids remaining the same, the greater the toxicity. (4) Spe- 
cific proteins or other constituents may cause reactions. 

The toxicity of sodium taurocholate and sodium glyco- 
cholate is not theoretically comparable at the present time, 
as the former has never been isolated in absolutely pure 
form;® when a high degree of purity is obtained, there is a 
sudden breaking-up of sodium taurocholate into taurin and 
cholic acid, and a gummy mass is formed instead of crystals. 

s Taurocholic acid has recently been synthesized^ but no experimental evidence 
is available as to toxicity. 



CHAPTER III 

METHODS OF INVESTIGATION 

I N JAUNDICE, presumably, bile slowly accumulates in 
the tissues. When large quantities of bile constituents 
are injected into the blood stream, they act suddenly 
and are rapidly removed by the normal liver. This is best 
seen in bile fistula dogs, where bile or bile salts are given by 
mouth or intravenously. The output is increased in propor- 
tion to the amount given. 

The first method (Deidier in 172a) used was that of in- 
travenous injection of bile in which bile was taken from a 
human body at necropsy and injected into a dog. The next 
method (Saunders in 1795) was that of ligation of the com- 
mon duct. The symptoms of jaundice which appeared in ex- 
perimental animals were presumed to be similar to those of 
jaundice in a human. Since the bile was prevented from en- 
tering the intestine, the experimenters concluded that bile 
was a poisonous substance and caused icterus. Later, bile 
from various sources, such as fistula and gallbladder bile, was 
obtained and injected into different animals intravenously, 
subcutaneously, intraperitoneally, in the dorsal lymph sac of 
frogs, and intra-arterially. 

The intravenous method is criticized by some investigators 
because bile may cause emboli and because it acts quickly on 
the heart, and also because large quantities are suddenly and 
rapidly introduced. The intraperitoneal and subcutaneous 
injections may cause local necrotic products, which may be 
absorbed, causing toxic symptoms and thus interfering with 
the interpretation. Extensive necrosis following subcutane- 
ous injections of bile was observed. The action of bile is fre- 
quently retarded or inhibited by exudates. Bile introduced 
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into the dorsal lymph sac is absorbed fairly rapidly, but the 
experimental use of the method is limited to the frog. 

The method of testing the action of bile on tissues or 
organs by the application of bile directly to the tissues is 
certainly not similar to the action of bile in the presence of 
jaundice. Bile in jaundice does not come in direct contact 
with the pericardium; it reaches the heart through the blood 
vessels. Also, bile ordinarily does not come in contact wdth 
the serosa of the intestine, as in the gut-strip method of test- 
ing; it comes in contact with the mucosa. The bile of one 
species of animal may be so different from that of another 
that, when used in a different species, it may cause entirely 
different symptoms or none at all. Therefore, in order to de- 
termine the toxicity of bile in the different animals, it would 
be necessary to investigate a very large number of animals. 
In the Eck fistula dogs, it is difficult to conclude that when 
bile is reabsorbed the toxic symptoms can be attributed to 
bile, as many other factors are involved. 

Bile salts were applied to the tracheal mucosa of the rabbit 
by Wasbutzky, in 1 879, causing an immediate reaction on the 
heart, respiration, and central nervous system. 

Methods of investigation which simulate as nearly as pos- 
sible the conditions, normal and pathologic, found in the 
human are quite necessary. When these are developed and 
carefully controlled, and chemically pure substances are used, 
we may be able to discover facts. Indirect, inadequate, 
faulty, and pseudoscientific work almost obscure the entire 
horizon in this field. 



CHAPTER IV 

CONSTITUENTS OF BILE 


COMPLEXITY 

T he complexity of bile has been known only within 
the past century. Hippocrates* and Galen* recog- 
nized many variations in the physical characteristics 
of bile and, on that basis, sought to explain the cause of all 
diseases and variations in temperament. Cholesterol was the 
first constituent to be identified (Conradi in 1775), 
the advance in chemistry other constituents were discovered. 
Faithhorn, in 182a, presented the following chemical analysis 
of bile: 

I. A large proportion of water. 

II. A substance closely resembling albumen. 

III. A peculiar resinous inflammable matter naturally and intimately 
mixed with it. 

IV. Soda, forming a soap or saponaceous extract. 

V. Some neutral salts. 

VI. And a small quantity of oxide of iron besides a small quantity of 
odorant. 

[and] Some chemists have thought they could detect saccharine, but 
this is not conclusive. 

He adds that in a “person under the influence of a depressing 
passion .... the bile easily coagulates .... thus gallstones 
are formed.” However, it was not until the middle of the 
nineteenth century that identification of many of the con- 
stituents was made. In rapid succession appear the great 
names of Fourcroy and Vauquelin, 1790; Gmelin, 1826; 
Demarjay, 1838; Berzelius, 1840; Pettenkofer, 1844; and 
von Gorup-Besanez, 1846 — all working on the identification 
of bUe constituents. With the discovery of the bile acids by 

* BEppocrates,468-367 b.c. » Galen, aj). 130-aoo. 
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Strecker, 1848, more intense chemical work followed, by such 
eminent chemists as Marsson, 1849; Hoppe-Seyler, 1862; 
Hammarsten, 1881 ; and finally Wieland, who was given the 
Nobel Prize in 1927 for his distinctive work on the chemistry 
of bile adds. Heinrich Wieland and his co-workers have done 
an extensive amount of work on the chemistry of bile, the 
constituents, especially the salts and their variations, and 
modifications in vivo and in vitro. During this period of de- 
velopment, various systems of nomendature have been used; 
there is still little conformity of terminology in the various 
languages. 

The number of identified constituents in bile is continuing 
to increase, and the field ever mdens. The work, however, is 
seriously hampered by the lack of a specific test for the main 
building-stone of bile acids, cholic acid. Some variations of 
bile constituents under normal conditions have been pointed 
out by Bidder and Schmidt, 1852; Stadelmann, 1891; Whip- 
ple and Hooper, 1913; and Rous, 1920. A large number of 
factors cause these variations in volume, character, and con- 
stituents, the most common of which are diet, climate, exer- 
cise (?), and time of day. 

Pathologic variations in bile have been observed during the 
course of such diseases as infections and poisonings, cirrhosis 
of the liver, and pneumonia, and following chloroform anes- 
thesia. Many poisons — for example, arsenic and phosphor- 
us — are excreted in the bile and afiFect not only the liver but 
also the bile. WWle many variations in bile have been ob- 
served in man, most of the experimental work has been done 
on dogs with external biliary fistula of various types. The ob- 
jections to the conclusions drawn from work on biliary fistula 
are based mainly on the fact that, sooner or later, infection 
invades the bile passages and liver, creating an abnormal 
condition. Consideration must also be given to the fact that 
in fistula the expulsion of bile is continuous, while in the 
animal with a gallbladder the ejection is intermittent. 

The excretion of bile salts varies considerably according to 
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conditions. When bile salts are fed, a large portion is soon 
excreted in the bile. In an animal with complete external 
biliary fistula, the bile-salt excretion decreases to a low level, 
but some is always produced. The bilirubin content normally 
varies somewhat, but mainly in proportion to the concentra- 
tion of the bile; but the total daily output seems to be fairly 
constant. In hemolytic jaundice there is a definite increase. 
Cholesterol excretion varies normally; but in disease or fol- 
lowing sterol feeding, there are marked variations of the 
amount in the bile. Some of the bile constituents vary with 
their concentration in the blood, just as urea varies. With an 
excessive bile secretion there is usually a slight increase in the 
total output of urea in the bile. 

CHARACTERISTICS 

Bile has a protean character. 

COLOR 

Bile assumes different appearances. In man the biliary fis- 
tula bile is usually a light orange-yellow and the gallbladder 
bile is a deeper orange-brown. The color normally differs ac- 
cording to the pigment concentration and the type of pig- 
ment present. Bilirubin ^ves an orange color; biliverdin, a 
greenish color. The color of bile is not the same in all animals : 
it is colorless in the guinea-pig, orange-yellow in man and 
dog, greenish in the ox, deep green in the lion (Tanaka), and 
an intense green in birds. On standing, oxidation of the pig- 
ments takes place, causing a change in color from orange to 
green, to blue, and then to brown. The reddish color in bile 
is usually caused by hemoglobin. Black bile occurs in typhus 
and cholera. Dyes and drugs may modify the color of bile. 
These are listed later in this chapter. 

UVANTiry AND CONCENTRATION 

The daily quantity of bile secreted by man is extremely 
variable. It is impossible to establish the exact amount in 
man or other animals under normal conditions. Thus, quan- 
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titative determinations of bile volume and solids by the 
fistula method are not accurate, owing to the loss of fluid and 
solids, causing an abnormal metabolism of the liver. The 
fistula method is probably the best at the present time. Here, 
again, difficulty arises because of the absence of the influence 
of the normally reabsorbed bile. Cholagogues cause an in- 
creased output of bile salts, both relative and absolute. The 
enterohepatic circulation of the biliary secretion products 
causes stimulating bile constituents, such as bile salts, to be 
repeatedly brought into play. Stadelmann, 1891, found that 
two-thirds of the bile salts were reabsorbed from the intestine. 

The volume of bile secreted is somewhat variable, depend- 
ing on the type of food intake, a meat meal causing a greater 
secretion than a carbohydrate meal (Voit). The hepatic bile 
secretion is fairly continuous, but the expulsion of bile into 
the intestine is intermittent. The volume diminished follow- 
ing an abdominal operation on a dog, and it required 10 days 
for the bile to take on its normal character (McMaster, 
Broun, and Rous). Cholagogues, like bile salts, increase the 
volume; and anticholagogues, like atropine, decrease it. An 
increase from 14® to 24® C. of the temperature of water given 
the dog caused a 25 per cent increase in the volume output 
of bile (Brugsch and Horsters [277]). 

Human bile output from biliary fistula averages 300-700 
cc. in 24 hours. Pfaffe and Balch reported a case with secre- 
tion of 525 cc.; Robson, 940 cc.; Bidder and Schmidt found 
an output of 13-29 cc. per day per Hlogram of body weight in 
the dog; 14.5 cc. in the cat; 25.4 cc. in the sheep; 136.8 cc. in 
the rabbit; and 175.8 cc. in the guinea-pig. Horrall found an 
average daily secretion of 1,000 cc. of bile containing 21 gm. 
of solids in a man having a biUary fistula with obstruction of 
the common duct caused by carcinoma. The dried substance 
in fistula bile is 1-4 per cent; in gallbladder bile 20 per cent 
(Brand); in fistula bile i. 6-3.5 *“<1 gallbladder bile 16-17 
per cent (Hammarsten). The gallbladder bile is eight to ten 
times more concentrated than the hepatic bile (Hammarsten). 
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sPECinc GRATirr 

The specific gravity of human bile varies from 1.008 for 
fistula bile (Copeman and Winston) to 1.040 for gallbladder 
bile (Frerichs)j and for ox gall from 1.016 to 1.037 (Marshall). 
The density of canicular bile is from 1.009 i.oii. The 
quantity of fluid intake causes little change in density, either 
directly or indirectly (Dolore). 

The freezing-point is about —0.56° C. to —0.61“ C. 

REACTION — pH 

The reaction of bile varies considerably according to its 
location, as shown by Rous (1633), using vital staining in the 
dog (see the accompanying tables). A low pH 4.0 of gall- 


CANICULAR OVER BILE 


Dye 

Color 

Reaction. 

Thymol blue 

Yellow 

pH less than 8.4 

Crcsol red 

Red 

pH greater than 7.4 

Phenol red 

Red 

pH greater than 7.4 


CANICULAR GALLBLADDER BILE 


Source 

1 Dye 

Cobr 

Reaction 

In center of bile 


Purple 

pH 6,4 

Near mucosa 

Bron cresol purple 

Yellow 

pH below 5.4 


bladder bile was found by Lavergne. Also there is consider- 
able variation in the reaction of bile of laboratory animals, 
as the table herewith shows. 


Kind of Bile 

Source 

Reaction 

Guinea-pig 

Gallbladder 

7-5 

7.08-8.42 (Usuki) 

To the alkaline side (Tusdoka) 
7. 0-7. 5-8. 4 (Neilson and 
Meyer) 

Rabbit 

normal 

Doe 

Ox, sheep, and dog. . . 
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Human bile varies from 5.70 to 7.86, according to the con- 
ditions and location at the time of testing; hydrops of the 
gallbladder bile, 5.77; fistula bile, 7.3; gallbladder bile, 5.72- 
7.85 (Tschopp); fistula bile, 8.0-8.6; gallbladda: bile, 7.7-8.6 
(Neilson and Meyer). H^atic-duct bile is alkaline to litmus 
7.4, changing on exposure to 9.2 (Neilson and Meyer). The 
pH of bile on the capillary side of the liver cells tends more 
to the alkaline (Petow and Wittkower); liver cells, 6. 5-7.0; 
bile, 7.0; Kupffer’s cells, 5.0, which are much more acid than 
the parenchymal cells; blood capillary, 7.3-7 .4. 

Variations in reaction are caused by diet, meat causing an 
increased acidity, vegetables an increased alkaHnity. Duo- 
denal bile of fasting dogs ranges from 4.68 to 7.83 and lean- 
meat feeding causes a decrease of the pH from 7.00 to 3.00, 
while loss of bile does not significantly alter the pH of the 
duodenal contents (McRoberts). Bacteria causes an in- 
creased acidity (Bonner). Histamine increases the alkali re- 
serve in the bile, while adrenalin and insulin cause a decrease 
(Karatygin and Hefter). Bile salts by mouth increase the pH 
of bile in Thiry-Vella fistula animals (Kuramoto). Sodium 
bicarbonate given intravenously or orally has no effect on the 
pH of Rous fistula bile (Ottenberg). Standing causes a low 
H-ion concentration (Neilson and Meyer). Atophan causes 
an alkali increase even to a pH of 8.3 (Rosenthal). 

PHYSICAL AND CHEMICAL REACTIONS 

The surface tension of taurocholic add decreases in propor- 
tion to the amount of HCl added and increases with the 
NaOH (Iota). The different salts of taurocholic acid, such 
as Na, Ca, and Cu, have different surface-tension values 
(Shiono). 

Bile adds have spedfic optical properties. The rotary dis- 
persion also depends on the different salts of the bile acids. 
Cholic, desoxycholic, glycocholic, and taurocholic adds have 
been deterniined (Josephson). 

The colloidal osmotic pressure of the bile depends on the 
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resorption of chloride by the gallbladder, the liver bile in- 
creasing from two to four times in the gallbladder. The col- 
loid-osmotic pressure changes from o to 1,400 mm. HaO dur- 
ing the thickerung concentration of the bile in the gallbladder 
(Frey). The electrical resistance of laminaria in sea water has 
been determined; sodium taurocholate causes a decrease in 
permeability, wWch is opposite to the action of sodium 
chloride; this is modifiable according to the concentration of 
the bile salt (Osterhout). The protein osmotic pressure of 
liver bile is less than that of gallbladder bile but three times 
higher than that of the blood. The water and chloride con- 
tent of the gallbladder bile are inversely related to the protein 
osmotic pressure (Frey). 

The osmotic pressure is slightly greater than that of the 
blood. 

The dissociation constant of glycocholic acid is 4.0 X io“S 
(Hammarsten) ; for taurocholic acid the pK is 1.17-1.39, and 
for glycocholic acid 4.40 (Josephson). 

COMPOSITION 
GENERAL ANALYSIS 

The chemical composition of human bile has been deter- 
mined with bile taken from the gallbladder soon after ac- 
cidental death, at operation, and at autopsy after natural 
death. Fistula bile from man has been analyzed repeatedly. 
The accompan^ng table shows the findings % various inves- 
tigators. 

Neutral fats and lecithin are absent in the gallbladder bile 
of the ox, hog, and dog, or are present in very minute quan- 
tities, according to Jones and Sherberg, who used the acrolein 
method of testing for fats. Heteroalbuminocholia was deter- 
mined by Matsuda by the precipitin reaction. A liver injury 
caused by drugs, such as arsenic, phosphorus, and chloro- 
form, and a mechanical injury, such as an incision in the 
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liver, permit protein to pass into the bile. But when KuplFer’s 
stellate cells are saturated with India ink, no protein can pass 
into the bile. Mucin in the bile varies both physiologically 
and pathologically; increased by infection, normal 0.2-0.7 
gm. per 1,000 cc. in the dog, 0.8-2.8 gm. in man; with ob- 
struction of the common duct, increases to 6.37 gm. after 24 
hours (Mallet-Guy). Mucinocholia and albuminocholia be- 


COMPOSITION OF HUMAN BILE 


(Parts per ifioo) 



Hammarsten 

SoKds 

25.40 

Water 

974.60 

Mucin* and pigments. 

5.15 

Bile salts 

9.04 

Taurocholate 

2 .x8 

Glycocholate 

6.86 

Fatty acids and soap . . 

I.OI 

Cholesterol 

1.50 

Lecithin (phospho- 
lipids) 

0.65 

Fat 

0.61 

Soluble salts 

7. as 

Insoluble salts 

0.21 


Frerichs (634) 
GallbUdder 

Von Gorup- 
Besanez 

GalftU^r 

Yco and 
Herroun 

140.0 

860.0 
26.6 
70.2 

lOl .9 
898.1 

14.5 

5^.5 

12.84 
987 . 16 
1.48 
2.20 
0.5s 
1.65 






30.9 

0.38 



3.2J 

n 

6.3 

8.78 

} 





MayO'Robson 



18.02 

981.98 

1.30 


0,09 

7.51 

0.97 

0.45 


0.12 

7.58 


* True mucin has been found in human bile. 


come more marked in hepatic (hsorders (Da-Rin and Bac- 
chetta). 

Normal human bile contains, in the form of bile salts, 
mainly sodium glycocholate, sodium taurocholate, sodium 
cholate, sodium choleate, and some sodium desoxycholate. 
Other bile salts may be present but in minute traces. The 
normal human fistula bile contmns bile acids in the amount 
of 2,000 mg. for each 100 cc. of bile, as determined by Gray 
and McGowan, using the Gregory and Pascoe method. 

The daily output of bile salts by man is about 6 gm. 
(Herzfeld and Haemmerli). The bile-salt output by bile fis- 
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tula dogs for lo hours is from i to 1.5 gm. (Chabrol and 
Benard, Wislicld). The quantity of bile salts depends on a 
number of variables, which will be discussed later. 

Cholesterol, lecithin, palmatin, stearin, olein, and mucin 
occur in the normal bile. Lactic add, 4 mg. per 100 cc., is 
found in the bile of normal rabbits. It increases in proportion 
to the lactic-add content of the blood (Mizuno). 

Hoppe-Seyler lists the following as normal constituents of 
bile: bile salts, bile pigment, cholesterol, mucin, ethereal 
sulphates (human and shark bile), conjugated glycuronic 
acids, fats, soaps, urea, jercorin and other phosphates, led- 
thin, hydrochloric acid, phosphoric acid, and sulphuric 
acid salts such as Na, P, Mg, Fe, and Cu. 

HORMONES 

Oestrous hormone was found by Gsell-Busse (734) in the 
bile of woman. Purified bile salts contdned none, and com- 
mercial bile salts contained very little. This is the only hor- 
mone found, as yet, in bile. 

ENZYMES 

Considerable work has been done on enzymes in bile. 
There is some evidence of traces of amylase, but very little 
evidence of lipolytic and proteolytic enzymes. Phosphatase 
has been observed. These enzymes appear in various body 
fluids and are probably present in the bile, either due to 
pathologic hepatic cells or to an overflow from the blood. 
However, pancreatic enzyme was found by Popper in 37 of 
219 cases of man coming to operation. Of 20 patients with 
pancreatic juice in the bile passages, none had pancreatic 
disease, 17 had gallstones. 

VITAMINS 

An attempt was made by Miss Cooper (382) to determine 
the vitamin content of bile; but because of the great toxicity 
of bile when used in the feeding experiments, the work was 
discontinued. Using pigeons and guinea-pigs, Makimura 
(f T-7^^ rlaims to have shown not only that the vitamins A, B, 
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C, and D are in bile but that they are absorbed by the small 
and large intestines and that there is an enterohepatic cir- 
culation which conserves the vitamins. Guinea^-pigs with 
rickets, fed fresh bile, returned to normal, indicating that 
vitamin D is present in bile. Ergosterin and other sterins 
have been isolated from ox gall and dog fistula bile (Syder- 
helm). Since cholic acid, methyl ester, and desoxycholic acid 
exposed to ultraviolet light are antirachitic (Uraki), there 
seems to be a chemical relation between vitamins and bile 
adds. The intermediate form between ergosterin and bile 
acid is trioxysterocholenic acid isolated from winter bile of 
the frog by Shimizu. 

Pucher and Sly (1516) investigated the gallbladder bile 
taken at operation, fistula bile, and gallbladder bile taken at 
autopsy and found that urea, uric acid, creatinine, amino 
acids, nonprotein nitrogen, and sugar appear in concentra- 
tions comparable to those in the blood serum. 

Gallbladder bile obtained at necropsy contains constitu- 
ents somewhat different in value from gallbladder bile ob- 
tained at operations and from fistula bile. Since there is a 
profound change in the blood just before death, one would 
also expect a change in the bile. It cannot be said definitely 
that these substances are found in normal human bile, as 
presumably the diseased condition that causes operation or 
death may have some effect on the constituents of the blood 
and the bile. 

StJOAR 

GlycochoUa was observed by Claude Bernard in pancreatic 
diabetes in the dog. A reducing substance was found in the 
fistula bile of 63 dogs by Baltaceano and Vasiliu which is 
identical with the glucose of the blood. They found sugar in 
two forms: free sugar and protein sugar. There is a relation 
between glycemia and sugar in the bile. The sugar in the 
gallbladder is a very concentrated protein sugar, ten to fifteen 
times more concentrated than in duct bile and three to five 
times more concentrated than in the blood. These reducing 



3 ° 


CONSTITUENTS OF BILE 


substances in the bile were increased by carbohydrate feed- 
ing, decreased by insulin, increased by adrenalin, and altered 
slightly by meat and fat feeding, according to Aszodi. He 
concluded that the reducing substances found in normal bile 
were similar to blood sugar, with slight differences. These 
investigations were made on bile obtained from the gallblad- 
ders of dogs. The bladder had previously been attached to 
the abdominal wall so that a needle could be introduced 
through the abdominal and gallbladder walls into the bladder 
cavity. 

MINERALS 

The mineral salts in human bile in part pass through the 
liver, and the rest pass through the wall of the finer bile ducts 
from the portal vein (see the accompanying table). 



Mineral Salts— Human 


GaUbladder 
(Frerichs) 
(Parts per 1,000) 

Fistula 
(Jacobsen) 
(Parts per 1,000) 

KCl 


0.28 

NaCl 

a -5 

5.4 

NaJP04 

2 

1-3 

Ca,(POJa 


0.37 

Trace 

M^A 

1.8 

CaSOi 

0.2 


NaCOj 

0 95 




The following metals have been found in bile: copper 
(Bernard), lead (Annuschat), iron (Bouchard), mercury (Au- 
tenrieth), antimony, tin (Lussana), zinc, aluminum (Muller), 
cadmium (Marm6), cobalt (Canjolle), bismuth (Brich), io- 
dine (Bernard), lithium, and phosphorus. These minerals 
usually occur in the form of sodium or potassium salts. 
Iodine is ^creted in the bile, according to Elmer and Luczyn- 
ski, who found in the bile of fasting rabbits, 4-I4 y per 100 cc., 
and after feeding, fip-Sa y par 100 cc. Maurer and Ducre 
found in rabbit bile, 15-62 mg. per 100; Pfdfer in beef bile, 
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bile, 13-113 mg. per 100. Elmer and Luczynski have con- 
cluded that the liver has a definite role in the metabolism of 
iodine. In dogs with biliary fistula the iodine elimination in 
the bile is greatly increased by the use of thyro»n (Barnes). 

Bromine and iodine have not been found in the bile of 
normal rabbits (Maruno). Organic compounds are more easi- 
ly excreted than inorganic, and there is greater excretion 
when given intravenously than orally. Iodine, bromine, and 
chlorine are excreted by way of the parenchymatous cells, as 


MINERAL SALTS IN BILE, HOPPE-SEYLER (845) 
Parts per i,ooo 


NaCl 

KaS04, . . . 
NaaSO^. . . 
Na^PO^. . 

Ca3(P04)4 

MgaPAj 

FeaP 04 . . . 
NaCOa.. . . 
CaCOa — 
MgO 

Total . . 


Dog Gallbladder 

Dog Fistula 

Human Fistula 
(Yeo and 
Herroun) 

9 

0 q q 
d 

0.185 

.022. 

.046 

0.7168 

•04S 

.015 

.003 

,080 

.017 

.005 

.019 

0.009 

.039 

.021 

.056 

.030 

0.009 

.051 

0.0100 


0.199 

0.408 




Cu, trace habitually present (copper sulphate [Cl. Bernard]). 
Fe, trace, variable (Bouchard). 

Zinc, trace often. 

Silica, trace often. 


shown by the diminished excretion following liver injury by 
phosphorus and by the absence of change follovdng the use of 
India ink. 

Iron and copper are constant in the bile of man obtained 
from the gallbladder at operation or by fistula; the iron con- 
tent is 0.031-1.68 mg. per cent, copper, 0.063-1.07 per cent. 
In bile obtsdned from dogs and guinea-pigs the iron is 0.09- 
0.18 per cent (Judd and Dry). 

The mineral content of the bile is roughly proportional to 
' • ^ — 2— i-aKIp siHnveV 
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The sothum, potassium, calcium, and manganese salts of 
dehydrocholic acid have been injected also into rabbits with 
gallbladder fistulas. The same bile acid salts were excreted in 
the bile (Neubauer). 


PIGMENTS 

The principal pigment in bile is bilirubin. It gives a golden- 
yellow color to the hepatic bile. The bilirubin content of 
human bile has been estimated at from 0.5 gm. per day 
(Eppinger) to a.i gm. per day (Patou). In biliary fistula in 
human bile the output of bilirubin is 5~7 kilogram of 

body weight (Eppinger), in dog’s bile, 0.6-0.7 mg. (Stadel- 
mann). In normal gallbladder bile removed from the csu 
daver the concentration of bilirubin is from 0.05 to 0.125 
gm. per cent, and in very concentrated bile 0.4 gm. per cent 
(Lepehne). An oxidation product is biliverdin (Heintz 
in 1851), which is found in the gallbladder bile of man but 
more commonly in that of Herbivora and cold-blooded 
animals. Bilirubin and biliverdin are found in gallstones. 
Biliverdin and biliprasin have been observed in a human 
six-month embryo (Florentin). Other oxidation or reduc- 
tion products of bilirubin are hydrobilirubin (Maly), bili- 
fuscin (Stadeler), biliprasin (Stadeler), bilihumin (Stade- 
ler), bilicyanin (choletin? cholecyanin?) (Hensius, Camp- 
bell). Bilifuscin has been isolated and analyzed from gall- 
stones (Wdnberger) ; also choleprasin (Kiister). In the bile of 
musk ox and hippopotamus is cholohematin (MacMunn) or 
bilipurpurin (accorcfing to Loebisch and Fischler), wWch is 
not a bile-pigment derivative but comes firom chlorophyll 
(Fisher). This same pigment was obtained from sheep bile 
(Marchlewski) and from dogs fed chlorophyll-containing 
plants (Broun, McMaster and Rous). Reduction products of 
bilirubin are urobilin and urobilinogen, which are absorbed 
from the intestine. 

Hemoglobincholia has been observed by Muir and Heggie 
in rabbits, foUovdng toxic conditions with liver change, such 
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as are caused by phosphorus, phenylhydrazine HCl, saponin, 
and analine. 

The porphyrins are also absorption products from the in- 
testine and are rarely found in normal bile. They occur in the 
form of copraporphyrin and uroporphyrin. In sulphanol poi- 
soning hematoporphyrin is excreted in the bile in large quan- 
tities (Neubauer). However, van den Bergh found that the 
protoporphyrin from the red blood cells is excreted in the bile 
as koproporphyrin. Weiss had a patient with a porphyrin 
gallstone. Carotin is also found in the bile, but rarely. These 
pigments will be dealt with in greater detail in the section on 
bilirubin. 


VAMATIONS IN NORMAL BILE 


The bile of land animals usually contains the bile salts in 
combination with sodium; the bile of water animals, the 
potassium salts. Taurocholate usually predominates in the 
bile of carnivorous animals, and glycocholate in the her- 
bivores. The bile of most animals contains cholic acid, in 
some only traces and in others a large proportion. In the fol- 
lowing list of the peculiarities of the various biles, the bile 


Rabbit 


Man 


' Desoxycholic acid (Okamura; first by My- 
lius in 1882) 

Cholic acid 

o-lago-desoxychoUc acid (Kishi) 
/ 3 -lago-desoxycholic acid (Kishi) 

. lithocholic acid (Kishi) 

Oxalic acid (Larvonat) 

Desoxycholic acid (Widand in 1924) 
Anthropodesoxycholic add (Widand in 
1924) 

Lithocholic acid (Wdand) 

Chddc add (Widand) 

Chenodesoxycholic add (Widand) 

Cholalic acid (Schotten) 

Fellic add (Schotten) 

Cholic add 

Taurochenodesoxycholic add (Widand in 
1924) 

Glycodesoxycholic acid (Hammarsten) 
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Dog 


Ox. 


Musk ox. 


Sheep 


Fowl 


Urea — ^much (Schutzenberger) 

Musty smell in methemoglobin (?) (Wert- 
heimer and Myers) 

Taurocholic acid — only (Hammarsten) 
Taurocholeic acid (Wahlgren) 

Glycocholic acid — trace (Wahlgren, Stadel- 
mann) 

Glycocholeic acid (Stadelmann) 

Allantoin 
Creatine 

Creatinine \ (Yashimuri) 

Amino acids 
Ammonia 


Sterocholic acid (Widand) 

Choline-neurine (Strecker) 

Propionic acid (Dogid) 

Acetic acid (Dogid) 

Lithocholic acid (Fischer in 1911) 

Choleic acid — small amounts (LatschinofF) 
Myristic acid (Lassar-Cohn) 

Cholic acid (Lassar-Cohn) 

- Nucleoalbumin (Hammarsten) 

Carotin-like (Fische and Rose) 

Chlorophyll (Verne) 

Urea (Popp) 

Glycocholeic acid (Wahlgren) 

Taurocholeic acid (Wahlgren) 
Taurodesoxycholic acid (Hammarsten) 
Anthropodesoxycholic acid (Widand) 
Sapocholic acid (Widand and Hanke) 

f Glycodesoxycholic acid (Hammarsten) 

\ Cholic acid (Hammarsten) 

f Cholohematin 
\ Phylloerythrin (McMaster) 

' Taurocholic acid (Yamasaki) 
Tauroisolithocholic acid (Hosizima) 

. ^ GaJlodesoxycholic acid (Windaus) 
Chenodesoxycholic acid (Windaus) 

. Taurochenodesoxycholic acid (Yonemura) 



VARIATIONS IN NORMAL BILE 


35 


' Chenotaurocholic acid (Marsson, Heintz) 
Chenocholic acid (Marsson) 
Gallodesoxycholic acid (Windaus) 
Taurochenodesoxycholic acid (Windaus in 
1924) 

. Chenodesoxycholic acid (Windaus) 


I Taurocholic acid — only (Hammarsten) 
Tetrodotoxin (Tahara) 

Potassium, instead of sodium, bile salts 

Mullet Taurochenodesoxycholic acid (Wanatabe) 


Shark and ray 


' Chenotaurocholic acid — third form (Ham- 
marsten) 

a- and jS- scymnol sulphuric acid — gives 
typical bile acid reactions (Hammarsten 
in 1898) 

. Diastatic enzyme (Jacobsen) 


Turtle 

Fish (Serola quinqueradiata) 

Ray 

Cod 

Fish otter 

Fresh-water fish 

Mollusk ) 

Gastropod > 

Crustacean j 

Walrus 

Seal 

Winter frog 

Toad(Bufo) 

Snake (Python tigris) 

Polar bear 

Bear 


Tetrahydroxysterocholanic acid (Yama- 
saki) 

Cholic acid (Ikoma) 

Urea — chief constituent (Hammarsten) 
Potassium taurocholate (Strecker) 

Nutriadesoxycholic acid (Bright and Bene- 
dict) 

Glycocholic acid (Strecker) 

Cholerubin (Krunkenberg) 

Phocataurocholic acid (Hammarsten) 
a- and / 3 -phococholic acid (Hammarsten) 
Trioxysterocholenic acid (Shimuriza) 

f Bufodesoxycholic acid (Okamura) 

1 Trihydroxysterocholenic acid (Shimizu) 

Sodium taurocholate — the only bile acid in 
snake (Iwato) 

Ursodesoxycholic acid (Hammarsten) 
Ursodesoxycholic acid (Shoda) 
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Pig 


Herbivora 

Peruvian guano 

Oriental bezoar. 


HyodesoxychoUc acid (Windaus in 1923) 
Hyocholalic acid (Strecker and Gunder- 
lach) 

Hyocholic acid (Gunderlach) 
Hyoglycocholic acid (Gunderlach) 
Hyotaiirocholic acid 
Also another glycocholic acid (Jobin) 
Cholin (neurin?) (Strecker) 

Urea (Popp) 

3-hydroxy-6-keto-allocholanic acid (Fern- 

holtz) 

r Cholohematin (McMaster) 

\ Phyllocrythrin 

Guanocholic acid (Hoppe-Seyler) 

' Lithofellic acid 
' Lithobilic acid 
. Litholitic acid 


Lion Taurocholic acid (Tanaka) 

Cat Taurocholic acid (I wato) 


adds, pigments, and some of the other predominate sub- 
stances are ^ven, A quantitative analysis of most of these 
substances has not been made; so only a qualitative listing 
has been attempted (see p. 33). 

Cholic add comprised 50 per cent of the total bile acids, 
according to Doubilet and Colp, in fistula bile obtained from 
27 patients with common duct obstruction; while cholic acid 
composed only one-sixth of the total bile acids in patients 
with inflammation of the ducts. 


PATHOLOGIC BILE 
DISEASE 

In disease the metabolism of the human body is modified, 
substances are elaborated and new substances formed, or 
there is a quantitative variation of the normal substances. 
Any of the following may be eUminated in bile; 

Acetone In coma 

r In phosphoras and chloroform poisoning (Matsuda) 

1 In Bright’s disease and cardiacs with enlarged liver 


Albumin 
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Fibrinogen In phosphorus poisoning (Lang) 

Glucose In diabetes mellitus 

Hemoglobin Following transfusion, intoxications, poisoning with 

analine and toluidine 


In icterus gravis (Forth) 

Proteins, various \ t 
kinds 1 I«P«eumoma 


Urea In uremia 

Uric acid In hepatic cirrhosis (Fortunate) 


k Amino adds were found by Takaki in the bile of a child 
'having acute yellow atrophy of the liver and a spontaneous 
common-duct fistula. He isolated, from 1,500 cc. of bile: ar- 
ginine, 0,18 gm. as picrate; lysine, 0.06 gm. as picrate; 
tyrosine, 0.03 gm.; and leudne, 0.43 gm. In fresh human bile 
“ Muller found 100 mg. per cent of lysine, tyrosine, arginine, 
j histidine, and free choline. 

From bile obtained from dogs with biliary fistula the fol- 
lowing have been isolated by Yoshimura: allantoin, 573 mg.; 
creatine, creatinine, 2.7 mg.; amino adds, 5.5 mg.; ammonia, 
5.7 mg.; by Hammarsten, urea; and by Brugsch and Rother, 
uric acid. Urea is found in duodenal bile in both normal and 
diseased liver; the normal is 2 mg. per cent, which is increased 
by diseased gallbladder and liver ^ucke). 

Indican is present in normal bile at 0.06-0.12 mg. per cent, 
approximately the same as in the blood (Inoue), which is 
3-6 per cent of the output in urine. In ileus the indican in 
bile is increased to 13-20 per cent of the output in the urine. 
The liver and kidneys act as compensatory organisms for the 
output of the end-products of metabolism. They also serve, 
according to Faludi, to compensate each other under patho- 
lo^c conditions. 

DRUGS 

In cases of poisoning with minerals and drugs, the liver 
eliminates some of them in the bile. Bile salts readily com- 
bine with many inorganic poisons and many more organic 


Leucine 

Tyrosine 
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poisons (alkaloids), such as strychnine, brucine, and quinine, 
rendering them less toxic. These may be eliminated in the 
bile by the liver as compounds or may be destroyed or de- 
composed. 

The following minerals are eliminated in the bile after 
poisoning: antimony, arsenic, lead, manganese, mercury, 
phosphorus, silver, tin (Lussana), and zinc. 

The following drugs are eliminated in the bile after an 
excess amount has been taken: atropine, bromide, cadmium 
(Marm6), caffeine (Strauch), curare (Lussana), essence of 
terebinthine (Cl. Bernard), iodine, iron chloride, menthol, 
phenol (Peiper), potassium bromide, potassium chloride 
(Isambert), potassium ferrocyanate (Bouley and Colin), po- 
tassium iodide (Cl. Bernard), potassium sulphocyanate 
(Peiper), quinine (Alberton), salicylic acid, sodium lactate, 
sodium salicylate, strychnine (Jacques), terpene, turpen- 
tine, and methenamine. Some drugs are eliminated in the bile 
after being taken in therapeutic doses. Thyroxin is elim- 
inated in the bile after administration to rabbits, according 
to Elmer and Luczynski. 


DYES 

The following dyes are eliminated in the bile: acridine red, 
aniline blue, ammonium carminate, aniline red, Berlin blue, 
chlorophyll (Wertheimer), cochineal, Congo red (Lepehne), 
eosin, fiichsin (Husson), indigo carmine (Hatzieganu-Chrzon- 
szczewsky), methylene blue, neutral red, phenolphthalein, 
phenolsulphophthalein, phenoltetrachlorphthalein, rhubarb 
pigment (Heidenhain), sodium sulphindigo — ^if given in- 
travenously (Diakonow), tetr^odophenolphthalein, andmer- 
curochrome. Recently Matsuo has tested over three hundred 
dyes and has shown that the liver has a selective action for 
excreting some according to their structural formulas; the 
kidneys excrete others. Because the liver has this selective 
action on these dyes, some of them are used for liver-function 
tests. 
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BACTEBIA AND TOXIKS 

Bacteria injected into the blood stream are frequently 
eliminated in the bile. Bacillus prodigiosus was found in the 
bile I hour following intravenous injection (Hess). Bacillus 
tuberculosis appeared in the bile of a guinea-pig 6 hours fol- 
lowing intravenous injection. The bile constantly contained 
this bacteria 4 weeks after the injection of the pig (Perla). In 
rabbit’s bile, tubercle bacilli were constantly present 3 days 
after intravenous injection (Calmette). It would seem that 
bile might be an excellent channel of exit from the blood 
stream for bacteria in various cUseases. Some bacterial toxins 
are not acted upon in the liver but are excreted as such in the 
bile. Teisser found that diphtheria toxin was so excreted. 
Some toxins (tetanus) are neutralized by bile and then ex- 
creted, while in other instances the bile acts as a mediary in 
the production of antitoxins. Surely the presence of many 
live bacteria in the bile would alter the character of the bile in 
some way. A large variety of bacteria have been isolated 
from bile removed from the gallbladder at operation. The 
portal of entry, however, may be by way of the gallbladder 
wall or up the common duct. Further discussion appears 
later. 

DECOMPOSITION 

If bile constituents are decomposed, the following sub- 
stances may be found in the bile: ammonia, cholic acid, 
choloidique acide, dyslysinty glycocoU, and taurin (Dastre). 
These substances are not normally found in bile. 

Putrefaction causes marked changes in bile; and, on stand- 
ing a sufficient time in nonsterile surroundings, the following 
substances, not present in normal bile, appear: acetic acid, 
ammonia, ammonium-magnesium-phosphate, ammonium 
sulphohydrate, caldum phosphate, hydrogen sulphide, sodi- 
um sulphate, valerianic acid, and volatile fatty adds (Das- 
tre). 
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CHANGES IN BILE ON STANDING 

Bile standing in an icebox for a considerable length of time 
becomes darker, and. the nonfilterable portion settles to the 
bottom; the heavy sediment resembles powdered chalk, and 
the upper layer is more gelatinous. Injection of the filtrate 
disclosed a change in the tosicity value. When standing at 
room temperature, this same change takes place, but much 
more rapidly. In 48 hours the toxicity is doubled, and the 
color has changed to a darker brown. Ox bile permitted to 
stand at room temperature undergoes autolytic changes. 
There is a slight decrease in viscosity which is associated with 
an inconsiderable decrease in specific gravity. The pH 
changes rapidly, on standing, to a low H-ion concentration 
(Neilson). 

Grallbiadder bile can be kept for several days without any 
hydrolysis of the conjugated bile acids (Newman [1381]). 
The breaking-down of the conjugated bile acids normally in 
the human organism is unknown. Up to the present time, no 
such process has been demonstrated. Grossman claimed to 
have isolated a hydrolyzing enzyme from the kidney which 
can break down the conjugated bile acids to the simple bile 
acids. No proof has been offered that this ever occurs in ei- 
ther normal or patholo^c conditions in the body; and it is 
possible that, when the unconjugated bile acids are excreted, 
the process is incomplete. 



CHAPTER V 

ORIGIN AND FATE OF BILE 


I S BILE continuously formed throughout life? In ob- 
structive jaundice what becomes of the bile? Does its 
accumulation in the body cause toxic symptoms? These 
questions involve the origin of bile, its usual course of distri- 
bution and activity, and its normal disposal. Consideration 
must be ^ven to what happens when, in obstructive jaundice 
with the normal portal of exit blocked, there is a continued 
production of bile. The amount of bile normally secreted by 
man in 24 hours has been estimated as from 530 cc. (Wittich) 
to 940 cc. (Mayo-Robson). The estimate of 1,000-1,500 cc. 
per 24 hours is much too great (Lyon) . If such a large amount 
of bile is continuously secreted, does it cause harm? The 
volume of secretion depends on many factors, such as diet 
and time of day, but not upon activity (1790) or blood pres- 
sure (Downs). There is a definite osmotic-pressure relation 
between the blood and bile. The blood, hepatic bile, pan- 
creatic juice, and lymph, when measured by the Hill method, 
were found to be practically isotonic (Gilman and Cowgill). 
The injection of hypertonic salt solution intravenously causes 
a marked change in the blood, wluch is followed by parallel 
^ changes in the other body fluids, including bile. Water intake 
'' by mouth has little or no effect on bile secretion (Walzel and 
Weltmann). 

The Golgj apparatus of the liver cell is concerned in the 
mechanism of secretion of bile. The bile constituents appear 
within the Gol^ apparatus, which enlarges, fragments, and is 
discharged by way of the intercellular bile capillaries (Cran- 
mer and Ludford). 

The complete failure to secrete bile has not been proved as 
compatible with life. Bile cannot be stucUed as a whole ex- 
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cept for voliune and specific gravity. The great complexity of 
bile would involve almost endless work on the constituents. 
Bile is not only a secretion but also an excretion. Some work 
has been done with a few of the constituents: bile salts, 
bilirubin, and cholesterol. The bile-calcium relativity con- 
stant to 4 mg. per cent and potassium have no characteristic 
variations even with feeding (Leites and Koslowa). 

ORIGIN OF BILE 

Acholia has been referred to as the absence of bile. In com- 
plete obstruction of the common duct, bile fails to pass into 
the intestine. There is some evidence of even a complete fail- 
ure of the liver to secrete bile in certain conditions, as in ex- 
tensive chloroform poisoning with liver-parenchyma destruc- 
tion or its later effects, shown by the failure of indigotate to 
stain the liver cells (Drury and Rous). Failure to obtain bile 
has been reported by Eppinger as being due to the blocking 
of the bihary capillaries by bile thrombi. This would still per- 
mit activity of the liver cells with removal of the products of 
liver secretion by the blood and lymph streams. There seems 
to be a real suppression of liver-cell secretory activity. This 
view has a large amount of evidence in its favor. Following 
the removal of an old obstruction to the common duct in man 
or dog, bile salts do not appear in the bile for approximately 
8 days; bile pigments appear at once (Breusch and Johnston). 

Whether or not the liver manufactures the constituents 
in the bile or merely excretes them is another question. That 
the selective removal of the bilirubin, bile salts, cholesterol, 
and other substances from the blood by the liver may be im- 
paired or suppressed is very likely, as these substances have 
been repeatedly found in the blood stream in excess of those 
in the bile in the same person. It does not necessarily follow 
that they are reabsorbed after secretion by liver cells. The 
liver regulates the flow and concentration of bile. The effects 
of certain substances depend on whether they cause an in- 
creased outflow of already secreted bile or cause an actual 
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increased formation of bile constituents. Diminished secre- 
tion is caused by chloroform, ether, alcohol, veronal, atro- 
pine, pilocarpine, phlorizin, and quinine (Smyth and Whip- 
ple, Babbio and Zilocchi, Winogradovr). 

The work with various hormones is contradictory: Bal- 
taceano, Vasiliu, and Paraschiv found that foUiculin caused 
an increase in bile volume, bile salts, and cholesterol in fe- 
male dogs; but Loeper, Lemaire, and Taurin, using crystal- 
line foUiculin (made according to the Dosey method), intra- 
venously caused a decreased bile flow in male dogs; corpus 
luteum extract (according to the Simonnet method) caused 
decreased intestinal activity and decreased bile flow; but 
when the two were injected together, there was intesti- 
nal paralysis and increased bile flow (?). Thyroid, splenic, 
mammary, orchic, ovarian, pancreatic, and thymic extracts 
are either inactive or very mild (Downs and Eddy, Tanaka). 

Sterins, either rayed or unrayed, in the form of sistosterin, 
ergosterin, etc., have been reported as having "s^ous effects, 
which are not conclusive (Schonheimer, Higashi, Tanaka). 
Fever produced by the injection of termin or vacdne causes 
a diminished bile excretion, marked bilirubin concentration, 
and slight increase in total, residual, and amino nitrogen 
(Su^u). Diathermy is a secondary choleretic (Mitani) but 
has no effect on the diseased liver. 

The parasympathetics in the rabbit are stimulated by 
pilocarpine, causing a decreased bile excretion, with in- 
creased total bilirubin excretion; the stimulation of the sym- 
pathetics by adrenalin causes no change; paralysis of the 
parasympathetics with atropine inhibits both the bile and 
bilirubin excretion (Saiki). Insulin and histamine cause in- 
creased bile secretion, while pituitrin and ergotamine have 
no effect (Leites and Isabolinskaja). But, according to Bal- 
taceano, Vasiliu, and Paraschiv, the anterior pituitary body 
plays an important role in the secretion of bile. The quantity 
of bile is increased, and certain of the constituents are modi- 
fied. Thyroid extract does not modify the bile excretion but 
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does cause an increased urinary nitrogen output (Smyth 
and Whipple). 

BILE ACIDS 

Bile acids normally are produced in man at the rate of 
8-10 gm. in 24 hours (Stadelmann, Biedl and Krause, and 
Weintraud). There is normally a fairly constant endogenous 
production of bile salts (Whipple and Smith [2096]). They 
may be products of metabolism of the body or liver, modified 
and secreted, or just excreted by the liver. The taurin comes 
from the cystine of the food and body protein and appears in 
excess to combine with cholic acid. The precursor of cholic 
add is unknown (Foster, Hooper, and Whipple). The site of 
origin of cholic acid, however, seems to be the liver, according 
to the work of Mann and McGath. Following extirpation of 
the liver, there is no detectable accumulation of bile acids in 
the blood. 

A cholagogue is a substance that increases the volume flow 
of bile by causing contraction of the gallbladder muscles, 
resulting in expulsion of bile. Secretine, pilocarpine, hista- 
mine, acetylcholine and ergotamine are cholagogues (Brugsch 
and Horsters). Anticholagogues are substances which 
cause relaxation of the bile passages with decreased flow; 
hypophysin and atropine. A choleretic is a substance that 
increases the quantity production of individual bile constit- 
uents: secretine and histamine (Brugsch and Horsters). 

Bile acids are both cholagogues and choleretics. The vari- 
ous bile acids have diflFerent quantitative and qualitative 
effects on the production of bile. Cholic add is the active 
substance. 

Bile-salt production can be increased in the dog with bili- 
ary fistula by feeding gelatin, tryptophan, and proline; either 
alone has no effect (Whipple and Smith). Tryptophan alone 
causes an increase in bile volume but no increase in bile-salt 
output. Tryptophan supplements gelatin and causes a 
marked output. Substances with similar structural formulas, 
such as indene, hydrindene, isatin, and indigo, do not have 
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a constant effect. Substances having a cholagogue action 
contain an indene, indol, or pyrrhol ring. The feeding of tau- 
rin, cholesterol, erythrocytes, terpene hydrate, or camphor 
has no effect on bile-acid excretion (Foster). The feeding to 
dogs of glycocoll and alanin causes an increased quantity 
as contrasted to quality excretion of bile, but lactic acid 
causes a decrease. The addition of bile acids causes a further 
increased excretion (Kawada). Liver, salmon-muscle, and 
beef-muscle feeding to dogs (Smyth and Whipple) causes 
a marked increase in output of the total bile acids: salmon 
causes 875 mg. increase; and meat, 1,470 mg. Proteose in- 
jection causes a decrease in the output, owing to liver 
parenchyma injury. Likewise an excessive application of 
Roentgen rays over the liver causes a diminution. Protein 
feeding in the form of meats causes an increase in bile-salt 
output in proportion to the amount fed. This output paral- 
lels the urine-nitrogen output, but the surplus of bile acids 
produced under normal conditions does not escape in the 
urine. The feeding of meat causes an increase in taurocholic 
acid output in the dog (Foster, Hooper, and Whipple). 
In a dog with Eck’s fistula and a biliary fistula the bile- 
salt output is decreased, and the feeding of salmon now 
causes a greater decrease. Smith and Whipple conclude that 
the dog now is incapable of the production of the usual 
amount of bile salts and that there is a decreased cholagogue 
action. 

The secretion of bile in rabbits is markedly decreased by 
feeding glucose, levulose, and honey. Large feedings almost 
cause acholia (Schwarz [173 5I). In dogs with gallbladder fis- 
tula, glucose, peptone, and meat had no specific effect on the 
quantity of bile. Meat causes an increased concentration of 
bile, but glucose causes a decreased concentration (Leites and 
Jussin). There is rhythmical 24-hour variation of the gly- 
cogen content of the liver cells of the rabbit and functional 
output. The rhythmical formation of bile also occurs, which 
alternates with the assimilation of glycogen. The maximum 
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secretion for man and rabbit is during the day; the minimum, 
at night. Sleep causes a great reduction (Forsgren). There is 
twice as much bile formed in the daytime as at night (Wal- 
zel and Weltmann). This periodicity has been observed in 
the human with gallbladder fistula with the minimum at 
5:oo-^:oo a . m . and the maximum at 11:00-1:00 p . m . 
(Josephson and Larson). This rhythmic functioning of the 
liver, alternating with bile secretion and glycogen produc- 
tion, does not parallel the blood-sugar curve or the urine- 
sugar curve and is not definitely related to food intake. 
Bile acids, given orally or subcutaneously, stimulate the 
deposition of liver glycogen in rabbits and dogs; bile acids 
act antagonistically to adenylpyrophosphate but similar to 
epinephrine. When cholic acid is used in large amounts, it 
has the reverse effect on liver glycogen. Sugar assimilation 
is aided by cholic acid in hyperglycemia with glycosuria, and 
even in pancreatic diabetes (Hasegawa, Kuramoto, Wata- 
nabe). Fasting causes a decreased output, but there is a mini- 
mum output even during long fasts, below which the bile- 
salt production does not go. Even a complete exclusion of 
bile ingestion does not markedly alter this bile-acid excre- 
tion. Whipple calls this the endogenous portion of bile- 
salt formation. Here probably catabolism of the body pro- 
tein contributes to the bile-acid synthesis. Bacillus coli has 
no effect on the cycle of conjugated bile acids, according to 
Basu and Chakravarty. They used taurocholic acid. Al- 
though, when dehydrocholic acid was used in a nutrient 
solution with B. coli communis obtained from feces, Fukui 
was able to form 7-oxy-3.ia-diketocholanic acid, when the 
culture was at 38® for 6 months. Licht used B. coli, proteus, 
typhoid, and pyocyaneus and foimd, after 14 days, no 
appreciable effect on bile acids in vitro. Streptococcus and 
staphylococcus have very little effect. Ultraviolet light 
has a marked effect on the sodium salts of bile acids and 
dilute bile from man, bear, and rabbit (Mikami). 

Bile-salt feeding causes an increase in bile secretion and 
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bile-salt output. A dog with bile fistula was fed ai gm. of bile 
salt, and the excess output was 13 gm. This quantitative out- 
put is not due to actual increased production but merely is 
absorption and re-excretion of the fed bile salt. Bile salt 
given by mouth or intravenously has the same effect on bile- 
salt output. 

In obstructive jaundice the production of bile salts in the 
dog, based on calculations of the urinary sulphur from 
taurocholic acid, would indicate, with the onset of obstruc- 
tion, the increased destruction of taurocholates. In a few 
days this destruction reaches a maximum, and then declines 
to the normal of that before ligation of the duct (Brakefield 
and Schmidt). If taurocholate is continually produced after 
ligation, as before, the sulphur output should continue high. 
But with the decline in sulphur to normal, either there is a 
failure to produce taurocholate quantitatively or other chan- 
nels of disposal have become available. 

A biliary fistula on each of la dogs was made by Cornejo- 
Saravia, and after 5-7 days a hepatectomy was performed. 
The bile adds were only slightly increased in the blood. Fol- 
lowing the ordinary hepatectomy, the blood bile acids were 
markedly increased. He concluded that the bile add increase 
found in the blood following simple hepatectomy was in the 
larger part derived from the intestine, owing to excretion 
prior to operation followed by absorption. 

From experimental work with bile fistula dogs, Smyth and 
Whipple conduded that the liver produces bile salts. The 
dogs were given chloroform, wHch caused a reduction of bile- 
salt excretion to zero. (It is well known that chloroform de- 
stroys the liver parenchymal cells.) With repair of the liver 
damage the bile salt output returned to normal. This evi- 
dence does not seem condusive, because the necrosed liver 
cells may fail to remove the bile salts from the blood rather 
than fail actually to produce them. Hepatoxins, such as car- 
bon tetrachloride, tetrachlorethylene, and phosphorus, cause 
a marked reduction in the production and concentration of 
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salts in the liver. That bile salts are formed in the liver 
parenchyma and not in the bile ducts was the conclusion 
reached by Whipple. 

BILIRUBIN 

The experimental works of Minkowski, Naunyn, Mole- 
schott, Muller, and Stadelmann, employing various methods 
in determining the site of formation of bile pigments, led to 
the conclusion that bilirubin is formed exclusively by the 
liver. Virchow, in 1847, found bilirubin crystals in an echino- 
coccus cyst and elsewhere. He questioned the site of forma- 
tion of bile pigment. Many investigators have offered evi- 
dence to show that bilirubin is formed outside of, and with- 
out the aid of, the liver. The tests for bilirubin, however, 
were not sufficiently delicate to make very accurate deter- 
minations until after the quantitative diazo reaction was per- 
fected.* Accorchng to van den Bergh, there are two types of 
bilirubin; the inffirect, I, and direct, II. The indirect is 
formed in the blood stream (Aschoff) before reaching the 
liver. Crystals have been found in life in the vessels of the 
new-born, in brain plexes, and among the blood cells. The 
direct is an excretion form of the hepatic cells. 

The literature up to 1928 on the formation of bilirubin was 
reviewed by Aschoff (81). A large amount of evidence has 
been accumulated to substantiate the belief that bile pig- 
ment is formed outside the liver, and further evidence shows 
that bile pigment is formed even with a complete abdominal 
evisceration of a dog (Mann); but no one has been able to 
prove definitely what portion of bilirubin is formed outside 
of the liver. It would appear that, wherever red blood cells 
are destroyed, hemoglobin may be changed over into biliru- 
bin. Mann’s experiments showed that a part of the bilirubin 
in the bile is of extrahepatic origin; from muscle pigment, 
blood pigment, and absorbed animal and plant pigments. 
Within 6 hours following hepatectomy the plasma became 
yellow, and continued to increase in color until death. Icteric 

* The van den Bergh test is not absolutely specific for bilirubin* 
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coloring of the sclera and mucous membrane appeared in 
about 1 6 hours. At autopsy even the body fat gave a positive 
test for bilirubin. 

Bile pigments ori^nate from hemins> according to Lem- 
berg. The hemins are changed to green hemins, then to bili- 
verdins, then to dehydrobilirubin and reduced to bilirubin. 
The reduction from bihverdin to bilirubin takes place in the 
tissues. Under anaerobic condition biliverdin is changed to 
bilirubin by all the tissues of the guinea-pig except by skin — 
the best by liver. The liver enzymes of all liners investigated 
were active, including the frog’s. Lemberg concluded that 
biliverdin is a primary bile pigment and that bilirubin is a 
reduction product. This bilirubin always gave a direct reac- 
tion. Two grams of hemoglobin were prepared from erythro- 
cytes by Sribhishaj, Hawkins, and Whipple and were in- 
jected intravenously into dogs with renal gallbladder fistula; 
90 per cent of the calculated increased bilirubin was ehmi- 
nated. Theoretically, i gm. of hemoglobin makes 40 mg. of 
bilirubin. The amount of hemoglobin injected was below the 
renal threshold for hemoglobin. Hemolyzed blood in defi- 
brinated blood was passed through an isolated spleen of a dog 
by a perfusion apparatus for 4-5 hours, by Ernst and 
Szappanyos. BiUrubin in the blood was increased, and they 
concluded that bilirubin can be formed outside the liver. 
Negative results were obtained when the kidney and lungs 
were perfused. Bilirubin is also formed by the action of splen- 
ic extract on a hemorrhagic exudate. Several kinds of bac- 
teria have no effect on the formation of bilirubin from hemo- 
globin. They believed that bilirubin is formed by ferments 
in the reticulo-endothelial cells and that the bilirubin of the 
hematoma is not of extracellular ori^n. 

Large amounts of bile were fed to animak by Hooper and 
Whipple (837) without effect on the bilirubin content of the 
fistula bile. They concluded that there is no absorption of 
bilirubin from the intestinal tract. On the other hand, Royer 
found that, when he fed bilirubin to dogs, there was an in- 
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crease of bilirubin and urobiUn in the blood and bile. There 
was more bilirubin in the mesenteric vein than in the aorta. 
The intravenous injection of urobilin caused an increased 
urobilinocholia. He concluded that there is a reciprocal effect 
of bilirubin and urobilin in the blood and their elimination in 
bile. 

Sheep’s bile was fed to bile fistula dogs by Broun, McMas- 
ter, and Rous (269). THs bile contained cholohematin, a sub- 
stance which has a characteristic spectrum and is therefore 
easily identified in the bile. Cholohematin was excreted in 
the bile in varying amounts. This variation was due to the 
gastrointestinal disturbances caused by an excess of bile 
interfering with absorption. By deduction they concluded 
that bilirubin, a similar pigment, is absorbed from the in- 
testinal tract. 

No difference was found by Bollman, Sheard, and Mann 
in dogs in the bilirubin content of the blood in the mesenteric 
veins and arteries following intestinal administration of 
100-200 cc. of fresh gallbladder bile. Rose bengal, mixed with 
bile and put into the intestine, appeared in greater concentra- 
tion in the blood of the mesenteric vein than in the arterial 
blood. One to 2 cc. of bile given intravenously caused a 
definite increase in the bilirubin content of the blood. There- 
fore they concluded that bilirubin is not absorbed from the 
intestine. They used the spectrophotometric method. 

Bile-pigment output decreases in secondary anemia in dogs 
with renal-bile fistula. This decrease is parallel with the 
anemia, according to Hawkins and his associates. When 
hemoglobin is injected, there is a quantitative increase of 
hemoglobin and also, strangely, a quantitative return of bile 
pigment.. They concluded that the body can synthesize the 
pyrrhol nucleus in an emergency such as anemia. In a study 
of 78 cases of pernicious anemia by duodenal drainage, 
Schneider found the bilirubin and urobilin increased but the 
urobilinogen unafiFected. Royer and Speroni injected intra- 
venously 2 mg. of urobilin per each 5 kg. of body weight in 



ORIGIN OF BILE 


51 

three humans who had been cholecystectomized, and found 
in the duodenal drainage an increase of bilirubin of five times 
the normal and urobilin from thirty-two to forty-eight 
times. 

CHOLESTEROL 

Cholesterol is excreted in the bile of man at a fairly con- 
stant rate of 6-7 gm. in 24 hours (Roger), in dogs 0.5-1 .0 mg. 
per kilogram in 24 hours. Cholesterol in part comes from the 
epithelium of the bile passages, but a larger part is excreted 
by the liver. It is generally considered an end-product of 
metabolism. It is closely allied to cholic acid chemically and 
originates from cholestane, an isomer of pseudocholestane, 
from which latter the bile acids are derived (Windaus, 
Wieland). That the liver actually secretes cholesterol is 
shown by comparing the blood value, which is 0.44-0.75 
parts per 1,000 and the bile value 1.6 parts per 1,000. Much 
evidence has been offered to show that cholesterol is ab- 
sorbed from the intestine, but at the present time this e\d- 
dence is not entirely conclusive. There is some basis for the 
idea that the amount of cholesterol in the blood parallels the 
amount excreted in hepatic bile. Cholesterol output is in- 
creased when a dog or rabbit is given a diet rich in choles- 
terol; fasting causes a decrease in bile cholesterol (McMaster, 
Kusaka). Rabbits fed fat-soluble vitamin cod-liver oil and 
biosterin produce an increase of cholesterol in the blood and 
bile, as calculated by the Bloor method. The liver keeps the 
blood cholesterol constant by excreting the excess from the 
blood stream into the bile (Kusaka). The increase in bile 
cholesterol has no relation to bile quantity (McMaster). Bile 
salts given by mouth cause an increased output; isatin and 
decholin have no effect; while liver destruction by chloro- 
form causes a greatly decreased output. Cholesterol and bile 
salts run a dose paralld, and there is a question of their 
physical relationship (Wright and Whipple). Others do not 
think there is any paralldism of cholesterol, bile salts, and 
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bilirubin. Determination of the origin, fate, and function 
must await further developments in chemistry. 

LECITHIN 

In pernidous anemia there is an increase of lecithin to 165 
mg. and a decrease in pregnancy (Barat). Given subcutane- 
ously and intravenously to rabbits, it causes an increased out- 
put in the bile. When given intravenously, the output is 
much greater than when given subcutaneously. Oral admin- 
istration of bile adds causes the blood lecithin to decrease and 
the bile lecithin to increase in amount and concentration. 
Therefore the Hver regulates the amount of lipoids in the 
blood by excreting them in the bile (Asoda). 

FATE OF BILE 
BILE ACIDS 

The amount of bile adds manufactured in the human body 
has not yet been definitdy determined. The quantity (8-10 
gm.) excreted in fistula bile in man and dog has been ob- 
served repeatedly. If bile salts were continuously produced 
at the normal rate, there would soon be an enormous excess 
in the body, following complete obstruction of the common 
bile duct. 

In obstructive jaundice the unne contains a small amount 
of bile salts, as shown by the Pettenkofer test; but certainly 
8-10 gm. is never excreted in this manner. The test reveals a 
small amount, and frequently it is entirely negative. Since 
such a small amount is actually excreted in the urine, some 
workers have conduded that the bile adds are broken down 
in the blood stream and other tissues, and then excreted as 
other substances. There is no adequate experimental work to 
support these ideas. Recently Chabrol determined the fate of 
choHc add injected into the blood stream of the dog at the rate 
of 0.06 gm. per hour per kilogram of weight. A total of 6.10 
gm. was given; 5.41 gm. was eliminated in the bile, 0.261 gm. 
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in the urine, and the rest was fixed by the tissues, within J 
hour following the intravenous injection. 

The influence of the liver on the destruction of bile salts 
was shown by Bollman and Mann with the (i) ligation of the 
common duct, (2) extirpation of the gallbladder, and (3) 
removal of the liver of the dog. With (i) and (2) a very small 
amount of bile salts was excreted in the urine the first day; 
500 mg. daily were excreted the second day and thereafter. 
After feeding i-a gm. daily, there was no increase in the 
urine; but following intravenous injection of the same 
amounts, 50 per cent was recovered in the urine. They con- 
cluded that the body can destroy fixed amounts of bile salts. 
When the liver was removed (3)', the bile salts excreted in the 
urine were not in large enough quantity to be shown by the 
Gregory method. Intravenous injection of bile salts was fol- 
lowed by almost complete recovery of them in the urine. 
Bollman and Mann further concluded that the destruction 
of bile salts does not occur in the absence of the liver. 

A negative Pettenkofer test and normal values for the 
sulphur and nitrogen in the urine following the feeding of 
taurocholic acid indicate that the urine is not the normal 
channel for the elimination of bile acids (Schmidt and Clark). 
Schmidt and Merrill examined the urine in jaundice and 
found that only a few hundred milligrams were eliminated in 
24 hours. But in contrast to this was the finding of taurin 
unchanged in the urine. 

Using dogs with complete bile fistula, Stadelmann gave to 
them, by mouth, 2 gm. of bile salts dissolved in 100 cc. of 
water. One hundred and thirty cubic centimeters of bile were 
secreted with 4.1 1 gm. of bile salts. The urine gave a Pet- 
tenkofer reaction after 12 hours. Ox gall and sodium glyco- 
cholate (Merck*) were fed with the same results. Stadelmann 
concluded that bile acids given by mouth are excreted in 
large measure by the liver. Ox gallbladder bile and dog bile 

* * Manufacturer. 
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caused an increased output. The glychocholic acid fed was 
excreted in part as such in dog bile. 

The fate of bile acids has been carefully studied by Brake- 
field and Schmidt by ligating the common duct in dogs and 
examining the urine for bile acids and bile pigment. The 
quantity of bile acids excreted in the urine decreased with 
time and finally became very small. Then the feeding of tau- 
rocholic acid caused an increase in the excretion of taurochol- 
ic acid, but the bile pigment held a constant low level. The 
feeding of a small amount of taurocholic acid to dogs caused 
an increased excretion in the biliary-fistula bile of taurocholic 
acid (calculated by the NH, method), representing about 90 
per cent of the intake in the first 4 hours. When this was re- 
peated on succeeding days, there was an increased secretion 
of bile in proportion to the taurocholic-acid intake. The same 
was true with sodium taurocholate. If, however, cholic acid 
were fed, there would be a gradual decrease in the taurochol- 
ic-acid output, presumably in direct proportion to the supply 
of taurin available, for when taurin was supplied in the food 
the excretion was increased and maintained. What happens 
to the cholic acid when there is no output is still undeter- 
mined, but from other work it is known that toxic symptoms 
rapidly develop and eventually result in death. 

It would appear from the experimental work with the 
fistula dogs of Foster that bile acids are absorbed rapidly 
when fed and likewise are rapidly excreted in the bile, and 
that the amount of bile acids excreted are dependent on the 
cholic acid available, and in the dog also on the supply of 
taurin. The process of absorption and elimination was usual- 
ly continued less than 6 hours. Any toxic process set up in 
the organism should be well limited to that period. 

Bile adds diffuse from, or are absorbed from, the intestine 
via the portal blood and then pass to the liver, according to 
Josephson and Rydin in experiments on the horse, rabbit, 
and cat. Choleic acid is decomposed into fatty acids and bile 
acids immediately after passing the epithelial layer of the 
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mucosa, then the two substances take different routes — the 
bile acids the portal, and the fatty acids the lymph, channels. 
When sodium cholate and sodium glycocholate were given by 
mouth, the bile acids in the portal blood were tripled and 
the heart blood showed only a trace. Josephson and Rydin 
think that bile given orally will probably never appear in the 
peripheral blood if the liver is undamaged. 

In obstructive jaundice, if synthesis of bile acids takes 
place normally, then the possible fate is: (a) absorbed into 
blood stream and excreted quantitatively in urine; (^) ab- 
sorbed into the blood stream and then one part broken down 
and another part excreted in the urine; (c) absorbed into the 
blood stream and broken down completely in the blood and 
tissues; (J) wholly or partially stored in tissues. If a large 
part of the taurocholic acid is broken down, there should be a 
large increase in urine sulphur. This has not been proved. 

In jaundice there is a decreased ability to conjugate ben- 
zoic acid, and the liver undergoes pathologic changes in ob- 
struction of the common duct. If it is assumed that tauro- 
cholic acid is synthesized by the liver, the decreased output 
of this acid sometime after the onset of jaundice may be at- 
tributed to its decreased synthesis rather than to its break- 
ing-down. 

BILE PIGMENTS 

The bile pigments are normally excreted into the intestine 
(McMaster and Rous, McMaster and Elman). Part of the 
pigment is changed to urobilin and urobilinogen, reabsorbed, 
and then excreted in the urine; a second part is changed to 
stercobilin and passes out with the feces; a third part is 
probably absorbed again as bilirubin and biliverdin to be 
used in the formation of hemoglobin. Details of this work are 
^ven elsewhere. 

In pathologic conditions, such as obstruction of the com- 
mon duct, the production of bihrubin continues, as is evident 
by the increasing accumulation of it in the body tissues. 

Pigment has been found in the urine, sweat, tears, saliva. 
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and in the tissues as bilirubin or biliverdin; also in pathologic 
fluids as pericardiac, ascitic, and joint fluids. 

The affinity of bilirubin for the erythrocytes has been 
shown by Saeld and Maeda. The speed of adsorption is in- 
creased with fever. The mechanism is in part a chemical com- 
bination, and the red cells increase in volume on taking up 
the bilirubin. The red cells of different animals differ in their 
capadties for taking up bilirubin. 

Bilirubin was given intravenously by Saiki (1669) 
bits and dogs. When the reticulo-endothelial cells were 
blocked with colloidal solution of silver and India ink, the 
excretion of the bilirubin in the bile was not interfered with. 
But when the parenchymal liver cells had been disturbed by 
hepatotoxin, there was a delay in the disappearance of the 
bilirubin from the blood stream and also a diminution in the 
output of bilirubin in the bile in proportion to the amount of 
parenchymal liver damage (Tada). Bilirubin is excreted by 
the epithelial cells of the urinary canals of the kidneys. The 
liver and kidney act under stress reciprocally (Saiki). Bili- 
rubin was ^ven intravenously to rabbits and dogs by Saiki; 
much was excreted in the bile, less in the urine, and very 
little was found in the spinal fluid. The bilirubin excretion by 
dogs’ kidneys was much greater than by rabbits’ kidneys. 

In obstructive jaundice, the formation of bilirubin is nor- 
mal; but as it cannot be excreted in the bile, it therefore ac- 
cumulates (Aschoff). The fate of bilirubin in the intestine 
has not been definitely determined. Sackey, Johnston, and 
Ravdin found no loss by absorption in the jejunal loop of dogs 
and no loss by conversion to urobilin by the juices from the 
entire small intestine. The disappearance of the pigment re- 
mains to be answered. Watson fed 10 mg. of crystalline 
bilirubin to two persons with complete obstruction of the 
common duct by neoplasms. Absorption from the intestine 
was undetected, and the urobilinogen was not accounted for 
in the feces and urine; but there was obtained from the stools 
stercobilin crystals which were not present before. Scholder- 
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er found that lo per cent of the injected quantity of 1-2 mg. 
pure bilirubin (Schuchardt*) was absorbed in 1-2 hours from 
the isolated intestine of the rat. The absorption rate was in- 
creased by bile acids. 

The evidence that bile salts have an enterohepatic circula- 
tion (Schilf) seems satisfactory; but the cycle of bilirubin 
(1241), cholesterol, and vitamins (1170) needs further con- 
firmation. At the present time there is no general agreement 
as to which substances in bile are purely waste products and 
which are conserved. 

CHANGES OF BILE IN THE OALLBLADDE R 

The concentration of the different constituents in the gall- 
bladder are much different from fistula or hepatic bile. The 
gallbladder absorption produces a solution four to ten times 
more concentrated. The absorbed material is chiefly water 
and inorganic constituents (Ivy). The bilirubin is concen- 
trated even to 44.8 times, and the bile acids 3.7 times; a part 
of the bile acids is absorbed (Rosenthal). The bile ducts do 
not concentrate more than two to three times, and the in- 
flamed gallbladder does not concentrate the bile at all (Ivy). 

Recent experimental work on the gallbladder of a cat, done 
by Winkenwerder, showed that the epithelium of the entire 
extrahepatic system, with the exception of the small ducts, 
is permeable to crystalloids, potassium ferrocyanide, and 
ferric ammonium citrate. The blood vascular system is the 
resorptive pathway for the crystalloids after having passed 
through the epithelial cells. The lymphatic system is not the 
medium of transportation for these crystalloids. With the ex- 
cretion of their mucin, the epithelial cells of the gallbladder 
undergo structural changes and become more permeable to 
Prussian blue. The gallbladder does not absorb lecithin and 
cholesterol but does readily absorb sodium and chloride; 
other substances are absorbed in different degrees. 

In some diseases of the gallbladder some constituents, such 


* Manufacturer, 
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as bilirubin and bile acids, are absorbed more rapidly, even 
causing jaundice (Blond, Colp, Riegel). With the selective 
absorption, infection, and changed pH and osmotic status, 
scarcely soluble substances, such as cholesterol, protein, 
bilirubin, albumin, and phosphates, may be precipitated 
(Lidhtwitz, Rosenow, Patey). A change in the reaction be- 
tween calcium and phosphorus and bicarbonate may cause 
their precipitation (Lichtwitz). Sodium chloride and bicar- 
bonate are readily absorbed (Ravdin). There is no evidence 
that calcium is secreted by the normal gallbladder wall; but 
it may be if the wall is damaged, as shown by the deposits in 
the wall (Johnston). The concentration of bilirubin in human 
gallbladders obtained at necropsy and surgical drainage was 
from 3.5 to 1,786 mg. per 100 cc. (Elton). In a damaged gall- 
bladder Riegel, Ravdin, and Johnston found the bile salts 
absorbed, a decrease in the concentration of the solution, and 
the cholesterol content mixture increased. In thyrotoxicosis 
the cholesterol in the gallbladder and liver bile is increased 
and the bile acids are decreased; in hypothyroidism the re- 
verse is found (Gobler). Cholesterol, put into the dog’s gall- 
bladder by way of a catheter in the cystic duct, is absorbed 
by the gallbladder mucosa (Rousselot and Bauman). Human 
gallstones, 77 per cent cholesterin, were put into a dog’s gall- 
bladder; in from 6 months to i year all fragments were dis- 
solved. In dogs with cholecystitis the stones were still pres- 
ent (Harley and Barrett in 1903). This work was repeated by 
Saiki, who found the stones dissolved in 186 days when the 
dogs were on a complete ration; but when deprived of vi- 
tamin D, the stones were enlarged. 

Pregnancy and puerperium exert an unfavorable influence 
on bile secretion. The ovary, present or absent, has no in- 
fluence on bile secretion (Tominaga). The effect of the dis- 
eased ovary has not been determined. Thirty-four specimens 
of gallbladder bile were examined in pregnancy at term 
by Ri^el, Ravdin, Morrison, and Potter. The cholesterol 
concentrations were from 130 to 1,000 mg. per 100 cc.; all 
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but three concentrations were above 200, and eighteen were 
above 300, The bile salt was decreased in every instance. 
The highest, 4,690 mg. per 100 cc., was about one-half 
that found in normal gallbladders. The chloride, calcium 
and phosphorus were within normal limits. Potter did not 
find such wide variations in his 390 cases where bile was re- 
moved at Caesarean section, although the cholesterol values 
were high and the bile salt low. Bacteria were present in 
several cases. 



CHAPTER VI 

TOXICITY OF BILE ACIDS 

BILE ACIDS AND THEIR SALTS 

T he principal bile acids in the bile of man are glyco- 
cholic add and taurocholic add. They occur in the 
form of sodium salts. Other bile acids have been 
demonstrated, but thdr quantity is unimportant in com- 
parison with these two. There is approximately three times 
as much sochum glycocholate as sodium taurocholate in 
human gallbladder bile (Trifanowsky) and fistula bile (Yeo 
and Herroun). The total amount of bile salts secreted in man 
in 44 hours is ii gm., according to Voigt, and 10 gm., accord- 
ing to Stadelmann; in dogs, 4 gm. (Bidder and Schmidt). 
Bile salts are found in the normal human blood, according to 
the modified Pettenkofer test, from 4.6 to 6 mg. in terms of 
glycocholic acid to each 100 cc. of blood (Rowntree). This 
latter value has been seriously questioned because the Pet- 
tenkofer test is not specific for bile acids. There has been con- 
siderable discussion as to the exact nature of the bile acids 
in the blood stream, but in these experiments it is assumed 
that the bile adds in the blood stream are in the form of free 
conjugated bile salts.* 

The total quantity of bile secreted in 44 hours is between 
500 and 1,000 cc. (Hammarsten). 

Complete acholia is unknown in human pathology. Hypo- 
cholia is found in some disturbances of the liver. Polycholia 
appears to occur in both man and experimental animals. The 
liver is normally able to secrete bile of different salt concen- 
trations, as shown by preceding experiments; but in fistula 
bile in dogs the usual range of variation in the concentration 

* The terms Ule acids and bile salts have been used interchangeably by almost all 
investigators. Bile adds are usually insoluble in injection menstruum; so they are 
injected as the sodium salts of the respective bile adds. 

60 



BILE ACIDS AND THEIR SALTS 6i 

of bile salts is very slight. Clinical observations show that 
the liver does actually secrete a “white bile” which is of 
hepatic ori^n. 

It is rather difficult to compare the toxicity of the various 
bile acids. Many of them have been prepared in extremely 
pure form, but taurocholic acid* has not. Some bile acids 
have been purified in minute quantities but are not available 
for experimental purposes in sufficient quantities. Some of 
the divers conclusions drawn by various investigators may be 
explained by the fact that they worked with impure product. 

For almost a hundred years a controversy has raged as to 
which substance in bile causes the toxic symptoms. In 1840 
the toxicity was attributed by some investigators not to bile 
itself but to “impurities” in bile, which caused capillary 
thrombi. Bouisson, as previously stated, made parallel ex- 
periments, using filtered and unfiltered bile. He reported that 
filtered bile was nontoxic. Then the whole question as to tox- 
icity was in doubt when Henle, in 1847, wrote his Pathology. 
In 1848 Strecker discovered the bile acids, and immediately 
investigators attributed all the toxicity to them. Frerichs, 
De Bruin, Bouchard, Lugli, Plaesterer, Bowler, King and 
Stewart, Provost and Binet attributed the greater toxicity to 
bilirubin; but practically all of these men worked with impure 

* Taurocholic add was received from a number of chemical houses and labors^ 
tories in the United States and Europe, commerdal products varying in degree of 
purity from 40 to 85 per cent. The purest product was certainly very much less than 
absolute purity. The products received varied from deep orange-yellow to yellow in 
color. The powder did not flow freely in the bottle and either was or became a hard, 
gummy mass. Microscopic examination did not show typical crystals. One extreme- 
ly pure product was seen in the laboratory of physiological chemistry of the Uni- 
versity of Chicago, which, according to the formula, contdned the exact amount of 
sulphur. This preparation was almost pure white with but a faint yellow appear- 
ance. The quantity was not suflident for experimental purposes. Numerous at- 
tempts were made to bring the commerdal products to the same degree of purity 
but were always accompanied by failure. The writer, therefore, assumes that all 
these experiments referring to taurocholic add were made with crude products and 
are not entirely reliable. 

Recently, 1937, at Columbia University, Cortese and Bashour ddm to have 
synthedzed taurodiolic add from triformylcholic acid and taurin. If this synthetic 
form is pure, identical with the natural form, and more staple, which they claim, it 
may be the means of dearing up some of the confusion conceroing taurocholic add* 
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chemicals or drew their conclusions from indirect work, as 
from filtered bile. The discussion of bilirubin is given in a 
separate section. 

Greater toxicity was assigned to the bile salts by Rohrig, 
Feltz and Ritter, Legg, Rywosch, Greene, Aldrich and Rown- 
tree, Eilbott, Quincke, Stadelmann, Emerson, von Dusch, 
Bickel, Still, and Horrall. From the evidence we conclude 
that bilirubin is nontoxic and that the bile acids are toxic. 
The toxicity of bile varies almost directly with its salt content 
and specific gravity, as evidenced by the fact that gallbladder 



Minimum 

Fatal 

Lethal Dose 

Sodium dehydrocholate 

1. 00 

1. 10 

Sodium taurocholate 

O.IO 

O.H 

Sodium glycocholate 

0.08 

0.09 

Sodium apocholate 

0.07 

0.09 

SocHum cholate 

0.05 

0.05 

Sodium desoxycholate 

O.OI 

o.oif; 


bile has a greater toxicity than hepatic-duct bile or fistula bile 
(Colasanti, Lugli). 

Sodium taurocholate was considered by Stadelmann 
(1826)* to be ten times more toxic than sodium glycocholate. 
Red blood cells were destroyed by a solution 1:600 of the 
former, while 1:50 of the latter gave a comparative result. 
Feltz and Ritter (566) used the same method and concluded 
that sodium taurocholate is more toxic than sodium glyco- 
cholate. Gillert tested the relative toxicity by intravenous 
injections in rabbits and found sodium taurocholate to be 
one-eighth more toxic than sodium glycocholate. The fatal 
dose of bile salts in rabbits, in terms of grams per kilogram of 
body weight, is shown in the table above. 

No difference in the toxicity of the two main salts was 
found by Meltzer and Salant in their experiments with frogs. 
Emerson obtained commercial products of sodium glyco- 

s P. 56: “Taurocholsaure hat eine grossere toxische wirkuag als Glycocholo- 
saure*” 
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cholate and sodium taurocholate, recrystallizing them three 
times, forming fine white powders with a melting-point of 
1 50° C. for sodium glycocholate and 95° C. for sodium tau- 
rocholate. These bile salts were dissolved in distilled water, 
making 3 per cent solutions, which were injected into the 
femoral veins of dogs. The injections were continued at a uni- 
form rate of speed until the lethal dose had been given. Blood 
pressure and respiration tracings were taken. He found that 
the average lethal dose for 10 dogs each was as follows: 

Sodium glycocholate 8 . 5 cc. per pound 

Sodium taurocholate 10. i 

Ox gallbladder bile (diluted with equal 

amount of normal salt) 6.8 

Ox gallbladder bile (with pigment removed) 7 . 3 

Emerson is almost alone in the belief that sodium glycocho- 
late is more poisonous than sodium taurocholate. 

The action and toxicity of sodium glycocholate and sodium 
taurocholate have been studied extensively by Rywosch. He 
found that sodium taurocholate inhibits coagulation of the 
blood more readily than sodium glycocholate and acts more 
energetically^ on excised muscle of both warm- and cold- 
blooded animals. His findings on the relative toxicity of the 
two salts showed the fatal dose for frogs to be: sodium glyco- 
cholate, 100 mg.; sodium taurocholate, 60-^0 mg. The lethal 
doses for frogs of 40-50 gm. weight, by subcutaneous injec- 


tions of various salts, are: 

Sodium chenocholate 0.05 gm. 

Sodium taurocholate 06 

Sodium cholate 08 

Sodium choloidinate 07 

Sodium hyocholate lo 

Sodium glycocholate o.io 


4 Rywosch (1658): “Energetically is a literal translation of ‘Energischer^ which 
really means stimulates first then causes necrosis of the muscle tissue. When a one- 
half per cent solution of bile salts is placed on a muscle at first there is strong con- 
vulsion, then a shrinking of the muscle and transformation. Under the microscope 
its cross striations are lost and it is entirely coagulated. If examined just before the 
striations have disappeared they appear in uneven waves or in staircase formation.’’ 
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The toxidty, determined by the concentration necessary for 
complete solution of cattle erythrocytes, by Rywosch, is: 


Sodium chenocholate 1:700 

Sodium taurocholate i : 600 

Sodium choloidinate 1:500 

Sodium cholate 1:200 

Sodium hyocholate i : 200 

Sodium glycocholate 1:50 


From intravenous injections in the dog, intraperitoneal in 
the rat, and intralymphatic in the frog. Still (1841) rated 
choleic acid most toxic, desoxycholic acid second, glycochol- 
ic acid next, and cholic acid least toxic. Cholic acid is very 
poisonous, and hyocholic and choloidinic acid less poisonous, 
for the protoplasm of both plant and animal (Macht, Groll- 
man, and Hyndman). Von Dusch found that so(hum cholate 
dissolves red blood cells as rapidly as sodium glycocholate. 
He assigned the toxicity to the cholate portion of sodium 
glycocholate and sodium taurocholate. Bouchard and Tap- 
ret, and De Bruin (233), measuring the toxicity by intrave- 
nous injection in rabbits, reported that sodium cholate 0.54 
gm. per kilogram of body weight is sufficient to kill, and that 
sodium cholate 0.45 gm., sodium taurocholate 0.46 gm., and 
bilirubin 0.05 gm. per kilogram of body weight are fatal. 

Comparative tests on excised frog’s heart were made by 
Wieland (21 10), who found the relative toxicity for molecular 


solution: 

Cholic acid 1:800 

Desoxycholic acid 1:6400 


Subcutaneous injections of 10 per cent water solution showed 
desoxycholic acid eight to nine times more toxic than cholic. 
Wieland standardized the hemolytic power of two bile adds 
for cattle red blood cells, observing complete solution: 

Oleic add* i 

Desoxychdic acid 1/25 as toxic 

Chdic acid 1/250 as toxic 

*tOlinsliurt means oleic acid. Wieland (2x10, p. 91): “Olsfture ist fiir gewaadiette xote Blutkdrper- 
chen etwa 25 mal so giftig wie Desoxychols&ure und 250 mal so giftig wie Chols&nre.** 
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The lethal dose for guinea-pig by subcutaneous injection, 
according to Neubauer (1367), is; 

Sodium dehydrocholate 4.4 gm. per kg. 

Sodium cholate 0.5 

Sodium desoxycholate 0.5 

Intravenous: sodium dehydrocholate: 

For dog 3.6 gm.; no toxic effect 

Forman 3.0 gm.; no toxic effect 

For hemolysis of erythrocytes in salt solution; 

Sodium dehydrocholate 0.63 per cent 

Sodium desoxycholate 0.04 

He concluded that in the blood stream the protective action 
of serum is so high that the hemolytic point would never be 
reached in jaundice. 

Working with the sartorius muscle of male frogs, Tsuruta 
(1950) found that the mimmum toMC concentration of bile 
acids necessary to produce tetanus is: 

Cholic acid (as sodium cholate) 0.18 per cent solution 

Sodium desoxycholate 0.04 

The amount of antagonizer necessary to prevent tetanus 
varies with the kind of bile salt. Cholic add requires an equal 
wdght of phospholipid, and desoxycholic add nine times as 
much as its own wdght. 

The relative toxidty of bile salts, according to their hemo- 
lytic action on red blood cells of cow, was determined by 
Bayer (130). The concentration necessary to cause complete 


hemolysis is: 

Cholic acid 1:200 

Desoxycholic acid i : 1930 

Shoda found complete hemolysis caused by; 

Desoxycholic acid 1:2560 

Gallodesoxycholic acid 1:2560 

Hyodesoxycholic acid i : 1280 
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Okamura (1407) found toad bile acid the most hemolytic of 
all bile acids for rabbits’ erythrocytes: 

Bufodesoxycholic acid 1:3200 

Kaziro and Tsuji: 


Kind of Acid 

Kind of 
Erythrocytes 

Proportion 

Desoxycholic 

Human 

1:3000 

Apocholic 

Human 

1:1500 

Cholic 

Human 

1:750 

Desoxycholic 

Goat 

1:2560 

Chenodesoxycholic 

Goat 

1:2560 

Hyodesoxycholic 

Goat 

1:1280 

Ursodesoxycholic 

Goat 

1:320 

Bufodesoxycholic 

Rabbit 

1:3200 


Hemolysis varies with the pH and with the concentration of 
the lysin. If the bile solution is more acid than pH 6.0, 
there is increased hemolysis; likewise a higher concentration 
of alkalies will accelerate the systems (Gordon). 

Andrews and Aronsohn determined the effect of bile salts 
on the gallbladder when introduced by way of a catheter. 
The salts are arranged in order of eflFect: 


Desoxycholic acid 

Apocholic acid 

Cholic acid 

Dog bile 

Hydrolyzed bile salts. 
Commercial bile salts 

Glycocholic acid 

Dehydrocholic acid . . 


Very severe effect 
, Severe effect 
Less severe effect 
Less effect 
Some effect 
. Little effect 
.Slight eflFect 
No effect 


The effect of changing a bile acid to a dehydro-form is il- 
lustrated by apocholeic and dehydroapocholeic acids. The 
surface tension of the sodium salts are: 


Percentage 

Apocholeic 

Acid 

Dehydro- 
apochoieic Acid 


691 

697 

0,25 

708 

800 

o.io. : 

737 

862 
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Apocholeic acid is more hemolytic than its dehydro-form; it 
is about twice as toxic for rats when ^ven subcutaneously. 
The choleretic action, however, is in the reverse order: most 
active, dehydroapocholic acid; next, dehydrocholic acid; and 
least, apocholic acid (Adlersberg and Lustig). 

Choleic acid enteroliths have been reported in seven cases, 
according to Hellstrom. Chemical analysis has shown they 
are made up of a free biliary acid, choleic add. Hellstrom 
said that they were formed in the intestine. The toxidty of 
choleic acid in these cases was undoubtedly modified in some 
other manner. 

A large variety of other bile acids occurs in small amounts 
in man and other animals, some of which are modified forms 
of commonly known bile acids. For example, anthrodesoxy- 
cholic add and chenodesoxycholic add are found in man; 
gallodesoxycholic acid is found in the hen and goose; litho- 
choUc acid in the ox; and phocataurocholic add in the walrus. 
Their toxicity is unknown. 

Von Dusch, Rohrig, and Leyden each conduded that the 
activity of the bile salts is not entirely due to the cholic-add 
part of the molecule. It is increased by the conjugation. 
Each found that sodium taurocholate is four times more toxic 
than sodium cholate, and sodium glycocholate four times less 
toxic than sodium cholate. Therefore, there is some influence 
due to the combination of taurin or glycocoll with cholic 
acid; otherwise, all three would have the same toxicity. 
Rywosch found that this combining process modifies the ac- 
tion but not entirely either quantitatively or qualitatively. 
Gallbladder bile and bile obtained by duodenal tube from 
man is lethal for rabbits in quantities of 0.4 cc. per kilogram 
of body weight. The same bile, when aged, is much less toxic 
than the recently drawn bile (Antitch). 

Bile adds greatly accelerate the action of the pancreatic 
juice on esters. The hydrolysis rate is increased many times 
by the addition of bile to the pancreatic juice, since bile and 
pancreatic juice together are much more toxic than either 
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by itself. No theory of this interaction has been advanced to 
expldn the actual mechanism satisfactorily. 

No change in toxicity of sodium taurocholate is found when 
the pH is kept within the limits of 5.8 and 7.4. The minimal 
mortal dose was determined for rabbits administered by 
intrapleural route and intravenously (Schiaparelli). 

Human serum diminishes the toxicity of bile salts. In- 
jected intraperitoneally, it requires double the amount of 
sodium taurocholate when used with serum than when used 
with salt solution, to kill white mice. Hemolysis is produced 
by 0.6125 per cent bile salt in sodium chloride but requires 2.5 
per cent when used with human serum (Williams). 

The toxic action of bile salts seems to be very highly 
specific in that the degree of action varies considerably with 
the different forms of bile acids. Some bile acids, such as 
desoxycholic, in very small amounts, will cause gastric ulcer, 
while other bile adds are more prone to cause hemolysis. 
The inhibiting substances for these different actions is also 
very highly specific, as the delay of blood coagulation caused 
by bile salts can be checked by glucose, but the inhibition of 
the hemolytic action of bile is best prevented by sucrose. 
The lipides antagonize bile salts in ulcer formation and also 
inhibit the hemolytic action of the bile salts in gastric-ulcer 
formation (Tsuruta, Bayer). Nothing is known of the mech- 
anism of these actions. 

The action of bile salts on egg albumin and collodion ultra- 
filters is such as to decrease the permeability. Sodium tau- 
rocholate and sodium glycocholate, 1/1,000 solution, have the 
same action (Nattan-Larrier). 

Bile salts act as toxic substances by inhibiting the oxygen 
consumption of the tissues (Strain and Marsch) and by 
inhibiting autolytic protein metabolism (Karasawa). On the 
other hand, nudein-splitting in extract of bull testide is in- 
creased by the addition of cholic acid (Tanaka). The respira- 
tion of rat tissue is prevented by sodium cholate, so^um 
glycocholate, and sodium taurocholate, in decreasing order 
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of toxicity (Terao). The critical inhibitory concentration of 
the bile salts for the consumption of oxygen by various tis- 
sues is as follows, according to Strain: sodium cholate and 
sodium desoxycholate, i mM for spleen, liver, and kidney; 
sodium glycocholate, a mM for spleen, 4 mM for liver, and 
5 mM for kidney; and for sodium taurocholate, 4 mM for 
spleen, 8 mM for liver, and 10 mM for kidney. Using the 
respiration of cells as a measure of toxicity, the conjugated 
bile acids are less toxic than the unconjugated (Strain and 
Marsch). 

TAURIN 

Taurin is an important amino acid which combines with 
cholic acid, forming taurocholic acid. It may be found free in 
the bile (von Gorup-Besanez), blood, or urine (Salkowski). 

In 1873 Salkowski gave taurin obtained from ox bile to 
dogs, rabbits, and men. Taurin was recovered from the urine 
of the dogs and the feces of the rabbits. The rabbits weighing 
1,500 gm. received by stomach tube a fatal dose of 4-5 gm. of 
taurin dissolved in 50 cc. of water. The cause of death was 
not demonstrated at the autopsy. The rabbits showed toxic 
symptoms, diarrhea appeared, followed by coma and death. 
Repeated injections of i gm. of taurin were given subcutane- 
ously to rabbits. A large percentage of the taurin fed to, or 
injected subcutaneously, was recovered in the urine as un- 
altered taurin. As much as 87 per cent was recovered as hy- 
posulphurous acid and taurin; 56 per cent sulphur as sul- 
phurous acid, 20 per cent as hyposulphurous acid, and 24 per 
cent as neutral forms, principally as taurin. Salkowski him- 
self took I gm. of taurin by mouth on July 5, 1872, and 2 gm. 
more by mouth on July 6, 1872. To another person he gave 
by mouth 5 gm. of taurin, and on the third day an additional 
5 gm. From this man he recovered sulphur in the urine rep- 
resenting 8.730 gm. of the taurin, indicating a loss of about 
one-eighth of the total given by mouth. On June 1 1 and 1 2, 
1873, Salkowski took by mouth 10 gm. of taurin in divided 
doses, without ill effects. Dogs weighing 8 kg. were fed 5 gm. 
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of taurin and survived. Taurin was eliminated mainly in the 
urine, and most of it during the first 48 hours. It was more 
toxic to rabbits than to men and dogs. 

Taurin was obtained in large quantities from the abalone 
(Haliotis) by Schmidt and Watson. Ninety-six abalones (74 
kg. of muscle) yielded a total of 362. gm. of crystallized taurin. 
Mendel had previously found taurin in the muscle of the 
univalve mollusk. Injections were made subcutaneously and 
intravenously in rabbits and man (Schmidt, Adelung, and 
Watson). Taurin, 3 gm., in Ringer’s solution was given to 
one man intravenously, then 10 gm. to another subcutane- 
ously, 10 gm. intravenously, and then 10 gm. by mouth. The 
doses were given 3 days apart. To a third man, 5 gm. were 
given by mouth. These men exhibited no toxic symptoms of 
any kind, regardless of the method of injection. Taurin sul- 
phur was recovered from the urine in various amounts: if 
given by mouth, 59 per cent; subcutaneously, 62 per cent; 
and intravenously, 72 per cent. The forms of the neutral sul- 
phur and nature of the compounds by which taurin was ex- 
creted in the urine were not determined. Rabbits were given 
large amounts intravenously, with no toxic symptoms. 

Macht, Grollman, and Hyndman observed the action of 
bile acids and their decomposition products on plants and 
animals. White mice were studied in the circular maze in 
order to determine the cerebrospinal effects of bile acids. The 
growth of seedlings of Lupinus albus was observed. Sodium 
salts of glycocholic and taurocholic acid were poisonous for 
both ammal and plant protoplasm. GlycocoU and taurin 
were slightly poisonous for animals and plants, while cholic, 
hyochoKc, and choloidinic acids were very toxic. 

Eighty-seven per cent of taurin was eliminated in the 
urine, according to Feltz and Ritter, 1875. Six grams of tau- 
rin were given intravenously to a 7-kg. dog without effect. 
Most of the taurin was eliminated by way of the kidneys 
without change, espedally when given by mouth. 
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Rohrig, von Dusch, Koloman Muller, and Frerichs also 
found taurin nontoxic. 


GLYCOCOLL 

No toxic effects were observed by Feltz and Ritter after 
injection of 12 gm. of glycocoll intravenously into a 5-kg. 
dog. This work has been confirmed by Rohrig. Glycocoll was 
found very slightly poisonous for both plants and animals by 
Macht and Grollman. By comparison, cholic acid was very 
poisonous. 

Glycocoll was fed to dogs in amounts of 1 5 gm. at a time by 
Schultzen and Nencki. There was an increase in the excretion 
of urea which corresponded to the amount of glycocoll given. 
No glycocoll was found in the feces. Therefore, glycocoll tak- 
en by mouth was absorbed from the intestinal tract and ex- 
creted quantitatively in the urine. These calculations were 
made on the basis of nitrogen. There was no toxic action. 

Rohrig found that glycocoll had no action on the heart of 
rabbits when injected intravenously. 

R^SUMi 

The difficulty in comparing the toxicity of whole bile to 
pure bile salts is because the amount and form of bile salt in 
whole bile cannot be accurately determined. Equal quanti- 
ties of bile salts placed in blood serum, whole bile, and water 
cannot be accounted for by the Pettenkofer test. There are 
certain substances in bile, such as phospholipids, lecithin, 
and cholesterol, which, when added to pure bile salts in water 
solution, markedly diminish the toxidty. Bilirubin has been 
proved nontoxic. Nothing other than bile salts, in whole nor- 
mal bile, has been proved toxic. Other substances which may 
be toxic occur in bile but are in insigmficant quantities. 

Whole bile, according to Greene and Snell, is more toxic 
than either of its major constituents. Meltzer and Salant 
concluded that the toxic effect of bile was not due to the sum 
of the effects produced by the components. To support this 
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conclusion, a knowledge of the character and amount of all 
the constituents of bile is necessary. It will also be necessary 
for the bile of each spedes to be tested in order to obtain com- 
parative results. It is impossible, at the present time, to 
make a direct quantitative test for sodium taurocholate or 
for the total cholates. Accurate tests of only one constituent 
of bile, namely, bilirubin, have been made up to the present 
time. In man the only acids that call for attention are glyco- 
cholic and taurocholic, according to Gillert. Although des- 
oxycholic add, lythocholic acid, and some others are found 
in man, they occur in quantities too small to cause toxic 
symptoms. There does not appear to be a definite quantita- 
tive way to measure the toxicity of bile chemically. It would 
appear, from the work of Wieland, that merely calculating 
the cholic-acid content of the bile would not give the total 
toxidty of the bile, for the formation of a compound may 
cause markedly increased or decreased toxidty of the same 
molecular concentration. This change in toxicity is the re- 
sult of conjugation. 
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NONTOXICITY OF BILE PIGMENTS 


BILIRUBIN 

B ilirubin U the principal pigment in bile. It was 
I first isolated by Berzelius in 1840; he called it chale- 
phyrrhin and worked out the chemical formula. Bili- 
phaenin was the name applied to it by Simon in 1845; 
bilirubin was the descriptive term used by Stadeler in 1864; 
and cholophaein was used by Thudichum in 1868. A notable 
array of chemists have worked with this pigment. The crys- 
tals of bilirubin were identified in an echinococcus cyst of the 
liver by Virchow in 1847. He noted the similarity of bilirubin 
crystals to the crystals of hematoidin, thus first associating 
bilirubin with hemoglobin. Extravasated blood under the 
skin appears as a “black and blue spot.” The conversion of 
hemoglobin produces variously colored pigments, which give 
color to the bruise and are probably identical with the bile 
pigments. Bilirubin crystals have been found in life in the 
vessels of the new-born with icterus neonatorum, in brain 
flexes, among the blood cells in pericardial fluid, and in 
phagocytes, according to Aschoff. These are all bilirubin I, 
and he believes they are from the erythrocytes hemolyzed at 
birth. 

Bilirubin is present in the normal human blood serum in 
the proportion of i to 50,000, according to van den Bergh. 
He found the normal bilirubin in human serum to be from 
0.3 to 0.5 mg. per 100 cc. The bilirubin content of the serum 
was examined in 40 normal, healthy laborers by Rowntree, 
Greene, and Aldrich, who found the minimum to be 0.2 mg. 
and the maximum to be i.o mg. per 100 cc. These were high 
bilirubin values of hyperbilirubinemia, but without any 
patholo^c condition demonstrable. There is an increase in 
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serum bilirubin following exercise and in higher altitudes 
(Verzdr, Arvay, Peter, and Scholderer). 

The maximum daily output of bilirubin following opera^ 
tion for biliary obstruction is 587 mg. (Walters). This 
amount includes the washed-out part.’ The bilirubin output 
in bile for 24 hours in man is 0.2-0.7 gm.; and for dog 0.108 
gm. (Paton), 24 mg. (McMaster). Bilirubin is normally ex- 
creted by way of the bile, urine, and egg tract in birds. In 
man it is normally excreted by way of the bile and rarely by 
way of perspiration. A linen handkerchief may be colored a 
saffron by the pigment in the perspiration (Budd). This ex- 
plains some of the various colors of sweat, and this kind of 
perspiration might be considered abnormal, but it causes no 
trouble. 

Immediately following an operation the blood bilirubin 
increases, gradually returning to normal in 7-8 days. The 
total pigment output per day is fairly constant. When the 
volume of bile is low, the concentration of the pigment is 
greater; and when the volume increases, the relative amount 
of pigment decreases (McMaster). 

OTHER PIGMENTS 

In 1878 Hammarsten isolated crystalline bilirubin from 
horse serum. There are several other pigments which cause 
the golden-yellow color of the serum in the horse, namely, 
plasraochrome, isolated by Gallerani in 1904; lipochrome, by 
van den Bergh in 1913; and carotinoid, by Palmer, 1916. 

Normal human serum contains four distinct pigments, 
which give the serum a golden color. The first isolated was 
lipochrome, by Thudichum in 1869; then carotin, by Salmon; 
bilirubin, previously; and xanthophylls, by van den Bergh in 
1920. 

In swine there is neither carotinoid nor chromolipoid pig- 
ment. In goats and sheep there are traces. In milk there are 

* During jaundice there is retention of biKrubin in the tissues; and after release 
of obstruction the output of pigment in the bile is greater than normal, owing to the 
removal of this excess pigment. 
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chromolipoid, carotin, xanthophylls; in adipose tissue, xan- 
thophylls (Palmer), 

In human blood the following pigments appear in various 
amounts; hemoglobin, bilirubin, hydrobilirubin, carotin (van 
Norden), lutein (Zoja), urobilin, and biliverdin. All of these 
give color reactions and may interfere with some of the pig- 
ment tests. 

The foregoing variety of pigments involves the relationship 
of plant pigments and animal pigments, such as chlorophyll 
and hemoglobin. Some of the structural formulas are very 
closely related. There is also a similarity in the reaction to 
sunlight. 

The oocyanin of egg shell and the uteroverdin of the dog’s 
placenta, according to Lemberg, are identical with hydro- 
bilirubin prepared by the action of ferric chloride on natural 
bilirubin: bilirubin by autoxidation becomes biliverdin; mes- 
obilirubin, which is violet, oxidized by ferric chloride, be- 
comes green mesobiliverdin. Mesobiliviolin is similar to phy- 
cobilins of red alga. 

PHrSIOLOOIC BIUKUBINEMIA 

The blood serum of the horse is very highly colored with 
bilirubin; this is a normal bilirubinemia. The dog has no bili- 
rubin in normal blood serum; this is a physiologic abilirubine- 
mia (1973). Icterus neonatorum has been referred to as a 
physiologic bilirubinemia. 

PATHOLOGIC BILIRVBIHEMIA 

When there is an excess of pigment in the body, the color 
of the blood serum increases. The excess may be due to a too 
rapid formation with normal elimination, as in hemolytic 
icterus, or to normal formation with faulty elimination, as in 
obstruction. The bilirubin content of the blood in a normal 
condition varies according to individual differences but re- 
mains, ordinarily, fairly constant. When a sufficiently high 
concentration is reached in the blood serum, the kidney cells 
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begin to excrete it. The threshold value is lowest in the blood 
serum, next in the liver, then in the body tissues (particularly 
the connective tissue), and highest in the kidney. This portal 
of exit value of the kidney varies greatly in different species 
of animals. In the dog it is very low; in the horse and rabbit, 
very high. It varies greatly in different individuals or in the 
same individual at different times. Affections of the kidney 
usually decrease the permeability of kidney cells to bilirubin. 

Bilirubin may be increased in the blood serum because of 
obstruction of the outflow of bile, heart weakness, congestion 
of the liver, or traumatic hemothorax. There is a slight in- 
crease in kidney disease, tuberculosis, cachexia due to car- 
cinoma, and in cachexia of inanition. When the concentra- 
tion of bilirubin in the blood is greater than i : 50,000 the 
bilirubin passes over into the tissues and urine. One family 
has been reported in which two ^rls had a fawn tint of the 
skin with high bilirubin concentration of the blood serum, 
averaging about i : 100,000. This condition is called biliary 
diabetes. The kidney threshold value is about 2 mg. per cent. 
In hemolytic icterus, pernicious anemia, and cirrhotic atro- 
phy of the liver the blood-serum bilirubin may increase to 
3-5 mg. percent (Bauer and Spiegel). The bilirubin content 
of the blood increases in nephritis to 0.05; in pneumonia, 
0.066; in hypertrophic cirrhosis of the liver, 0.143; and in 
jaundice, 0.3-1.0 gm. per 1,000 cc. (Gilbert and Herscher). 
According to Forster, the blood serum of man does not con- 
tain more than a-io mg. per liter. 

In obstructive jaundice the maximum degree of bilirubin- 
emia occurs between the first and second week in dogs; and 
then the bilirubin in the blood gradually decreases, even 
though the obstruction is complete (1799). 

Bilirubinemia occurs in extrauterine pregnancies, frac- 
tures, and contusions, with extravasation of blood. It was 
present in all new-born infants examined, either with or with- 
out visible jaundice. The bilirubin may increase after birth 
if there has been obstetrical trauma. The ordinary hyperbili- 
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rubinemia, icterus neonatorum, is a physiologic condition, 
according to Bang. 


INTRAVENOUS BIURUBIN 

The first intravenous injection of bilirubin was made by 
TarchanofF in 1874. It was injected into the jugular vein in a 
dog with gallbladder fistula, to determine its fate: whether 
excreted by way of the urine. Only a trace of bilirubin was 
found in the urine, but there was a marked increase in the bile 
bilirubin. Hemoglobin was then found, but there was no bili- 
rubinuria. This work was repeated and confirmed by Vossius 
in 1879. historical reasons the work of Frerichs, 1858, is 
included. He injected the bile pigment* intravenously into 
dogs. 

The work of Feltz and Ritter,* 1875, has been quoted so 
much by various writers that it seems desirable to give it here 
in detail and show the causes for inaccuracies in their con- 
clusions. During the period in which they worked, bilirubin 
was a “poudre amorphe.” The powder was used as “injection 
de a grammes de bilirubine en solution alcaline,” in a dog 
weighing 10 kg.; the second day, “a gramme de bilirubine”; 
the third day, “3 gramme”; the fourth day, “4 gramme.” 

•Frerichs, Up?: “The bile-pigment itself, which is obtained by the action of 
alcohol upon the dried blood, is somedmes amorphous, but at other times it sepa- 
rates in a crystalline form. These crystals consist of short rods, which adhere in rows 
to one another, and somedmes form radiated crystalline masses/* 

3 Feltz and Ritter (568, pp. 154 and 155): “Sous le nom de matiSres colorantes 
de la bile on comprend un certain nombre de principes dont Thistoire est encore 
assez mal connue; si quelques-uns peurent Stre regards comme ayant une composi- 
tion constante, d’autresne paraissent Stre que des m61anges en proportion variable 
de Fun des prindpes avecquelques-un$desesproduitsded6composition. La confusion 
augmente encore, puisque le m8me corps a regu des noms tr^s-diiF4rents. Nous de- 
vons, par suite, entrer dans quelques d^tdls pour que le lecteur sache bien la nature 
des compost que nous avons inject^. 

“La marine colorante prindpale contenue dans la bile est la bilirubine (synony- 
mic; chol^pyrrhine, biliphfine, bififulvine, hematoidine?). Cette substance se 
pr&ente sous forme d’une poudre amorphe, couleur de kerm^ ou de soufre dor6, 
peu soluble dans I’eau, ralcool et r6ther; ses vrais dissolvants sont le chloroforme, 
le sulfiire de carbone ou la benrine. Les alcalis dissolvent fadlement la bilirubine; 
cette solution d*un rouge fonc6 s’altSre peu k peu au contact de Fair, et verdit; nous 
n’avons, par suite, dissous le poids de bilirubine k injecter qu’au moment m^me des 
besoins, dans une solution titr6e concentr6e de soude, que nous 6tendions au degr6 



78 NONTOXICITY OF BILE PIGMENTS 

There was no toxic effect except that the temperature in- 
creased I® for I hour. The urine contained bilirubin; and the 
conjunctiva had a subicteric tint, which appeared a few hours 
after injection. There was obstinate constipation. 

The total volume of the solution injected was not given. 
In the same article they tell of injecting (p. 148) “20 c.c. 
d’une solution de cholate de sodium contenant o gr. 40 
d’acide cholatique”; it is assumed that they injected “3 
gramme,” by weight, of the “bilirubine” powder in alkaline 
solution, the volume of which is not given. The amount of 
powder used for each of four injections was 2, 2, 3, and 4 gm. 
in one dog and 0.7, 0.9, 1.4, and 1.8 gm. in a second dog. 

This would be an extremely large quantity of bilirubin if it 
were chemically pure. This amount could be obtained only 
from a very large quantity of ox gallstone, and at the present 
time the cost is about $150 per gram for the crystalline, pure 
bilirubin. As Feltz and Ritter do not give the method of 
preparation or the source of their “bilirubine,” we must as- 
sume that they were not working with pure bilirubin. 

Bilirubin dissolved in a little soda solution and injected 


convenable, par I’addition d’eau (Hstill6e; une solution trop 4tendue de soude ne 
dissout la bilirubine pr^cipit6e que tr^s lentement. Nous avons retire la bilirubine de 
calculs biliaires que nous poss6dions en grand nombre; la bile de pore, trmt^e 
directement par le chloroforme, nous a 4galement fourni relativement de grandes 
quantit6s de ce produit. 

“La bilifuscine, masse poreuse, d’un noir brun^tre brillant, existe dans certains 
calculs biliaires; elle est soluble dans Teau, Tether et le chloroforme; elle est ^gale- 
ment soluble dans Talcool; ce caract^re permet de la sparer de la bilirubine, quand 
on extrut cette derni^re des calculs bilimres. Sa solution dans les alcalis itendus 
possMe la couleur brune de certaines urines ict6riques; elle s’alt^re ^alement et 
n*a 6t6 pr6par6e pour nos injections qu’au moment des besoins. 

“On donne le nom de biliprasine k un compos6 que Ton retire 6galement des 
calculs biliaires, en 6puisant ces demiers r6duits en poudre successivement par 
Teau addul6e (qui enfeve les sels biliaires), r6ther (qui dissout la cholest^rine), le 
chloroforme (dissolvant de la bilirubine et de la bilifiiscine). L’alcool enl^ve en 
ce moment une mati^e verte k laquelle on donne le nom de biliprasine, et laisse un 
r6sidu brun qui contient la bilhumine. Ces deux nouvelles mati^res colorantes (nous 
pourrions en dire autant de la bilifuscine) ne paraissent pas Stre des principes im- 
m6diat$ purs; toutes deux se dissolvent dans les alcalis (solutions brunes); il est 
important, comme pour tous les autres pigments, de ne preparer les solutions des- 
tinees k Tinjection qu’au moment des besoins.” 
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intravenously into rabbits in doses of 0.05 gm. kills^ with 
certainty,® according to Bouchard with Tapret, 1887. They 
concluded (230, p. 226) that 5 eg. of bilirubin kills i kg. of 
living matter, and that the lethal dose for a man of weight 
60 kg. would be well within 3 gm. The same investigators re- 
ported that 5 cc. of water solution of bilirubin for a i-kg. 
rabbit will cause death. 

Since bilirubin is practically insoluble in water,® the worth 
of these experiments is seriously questioned. The degree of 
purity and the method of preparation of the bilirubin used in 
their experiments were not given. Further investigations led 
them to conclude that bilirubin is ten times more toxic than 
bile salts and that bile, filtered with animal charcoal until 
decolorized, has a greatly reduced toxicity. They concluded 
that only bile pigment is removed by filtration of bile in this 
manner and that bile so decolorized is only one-third as toxic 
as nonfiltered bile. 

Greatly diminished specific gravity and toxicity of bile and 
of pure bile salts, owing to filtering with animal charcoal, 
have been observed by Horrall. The thoroughly decolorized 
bile, with its diminished specific gravity, is only about one- 
third as toxic as whole gallbladder bile. Further, the bile-salt 
content of the decolorized bile is only one-third of that of 
gallbladder bile, showing that filtering whole gallbladder bile 
through animal charcoal removes not only the pigment but a 
large amount of bile salts. Some of these bile salts can be 
recovered, however, by repeated washings of the charcoal 
with distilled water; but unless the filtrate is now boiled to 
reduce its volume, the percentage in the bile filtrate is very 
greatly reduced. 

The tissues play a protective role, according to Bouchard, 
consuming and transforming the minute quantities of bile 

4 This probably is an instance where death was caused by the alkali. 

s “Mit Sicherheit.” 

® Bilirubin is insoluble in water; soluble in warm chloroform; more soluble in 
alcohol; very slightly in benzene, ether, amyl alcohol, or glycerol. It is soluble in 
dilute ^aJies (Mathews [1216]). 
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which have been absorbed, after penetrating the general cir- 
culation. “They [the tissues] fix the bilirubin.” Bile in its en- 
tirety passes from the liver into the blood from the biliary 
cells to the blood vessels. Bile freed from coloring matter 
loses part of its toxicity; therefore, when the tissues take up 
the pigment, they remove some of the toxic substance from 
the circulation; at the same time, bile salts escape by way of 
the kidneys or are “consumed in the blood.” If all bile se- 
creted in 8 hours were suddenly introduced into the blood, it 
would produce “fatal nervous effect” (question of thrombosis 
and embolism). But if introduced slowly, nervous accidents 
are averted. In black jaundice^ the absorption is slow and 
not poisonous, while in green jaundice the absorption is 
poisonous. 

With all the conclusions Bouchard came to, he did not give 
a single reference to the method of the action of the bile pig- 
ment on the tissues. He did show, however, how bile salts 
act deleteriously on various tissues. 

Bilirubin obtained from ox gallstones and injected intra- 
venously into rabbits in quantities of 0.1-0.004 dis- 
solved in sodium carbonate solution, causes death, according 
to Plaesterer in 1890. Necropsy revealed blood in the urine 
and in the intestinal canal and a thrombosis of a very high 
degree of the gut vessels. 

This result is probably an example of intravitam coagula- 
tion of the blood from strong alkali solution given intrave- 
nously, followed by embolism and thrombosis of the mesen- 
teric vessels or simple thrombosis of the same vessels. The 
present writer has observed coagulation within the veins fol- 
lowing rapid injection of a 5 per cent sodium carbonate solu- 

1 Black jaundice (old terimnology) is a jauntUce of long duration in wMch the 
pigment is slowly depoated in the skin, which gradually turns very dark, so that 
the person appears like a dark mulatto after a duration of many months. It may 
be a (hssodated jaun(Bce in wluch the pigment is retmned and the tnle adds ex- 
creted normally. Green jaundice is caused by a sudden pigmentation, which may 
be due to biliverdin shotnng through a dear skin. 

“Experience shows us that the intense form of jaundce, viz. black jaundice, 
does not Idll predsely because the coloring matter, which is ten times more pdeon- 
ous than the bile salts, becomes fixed. .... The fibers of the connective tissue are 
beinv incesisantlv colored” fRonrJiard 5n 
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tion. Death was due to the alkali rather than to the bili- 
rubin. 

Investigation of the toxicity of fistula bile of dogs on rab- 
bits was made by Lugli in 1896. The slow-injection method 
was used, continuing until death resulted. The toxic coef- 
ficient of fistula bile was determined, and then that of the 
same bile decolorized with charcoal. The spedfic gravity of 
the fistula bile was 1,018 and required 26.2 cc. per kilogram 
of body weight to lull the rabbit; the rest of the experiments 
gave similar results. The same bile, decolorized and with a 
specific gravity of 1,010, requires 83 cc. to cause death; an- 
other spedmen of fistula bile, which had an original specific 
gravity of 1,017, when decolorized had a spedfic gravity of 
1,009 and needed 85.8 cc. to kill; a third, with a specific gravi- 
ty of 1,014 \rith pigment removed, had a spedfic gravity of 
1,005 and required 129.4 cc. for a fatal dose. Lugli concluded 
that bile is very todc and that decolorized bile is much less 
toxic. He reasoned that the pigment contains 60-75 
of the toxicity of the bile.® 

Lugli did not work with pure pigment. His conclusions 
were drawn from the old prevalent idea that animal char- 
coal, used as a filter, removes only pigment from the bile. 
His tables show definitely that the spedfic gravity is de- 
creased 40-70 per cent by filtering and that the volume of the 
decolorized bile required to cause death increases from three 
to four times the ori^nai volume. The charcoal removes 
much toidc bile salts and little nontoxic bile pigments. 

Intravenous injections of 0.07 gm. of bilirubin were ^ven 
to io8 different individuals by Eilbott in 1927. In 6 of the 
first 30 cases injected, there was a slight reaction. This bili- 
rubin solution had been made up several hours before injec- 
tion. When a change in the color of this solution was ob- 

* Lugli (1143, p. 381): “Die Entfarbung der Galle durch Thicrkohle hat eine 
wesentliche Herabsetzung ihrer Toxidtat zur Folge. Die cntfarbte Galle ist viermal 

weiuger gifdg als die nicht entfarbte Von den Bestandtheilen der Galle ist 

das Bilirubin der giftagste. Dies ergiebt sich daraus, dass die Entfarbung die Gifdg- 
keit am starksten herabsetzt sowie ^recte Versuche mit alkalischer Losung des 
reinen Pigments.” 
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served, new solutions were prepared, which were injected 
immediately after having been made up. In the remaining 
78 cases, no toxic reaction of any kind was observed. Bili- 
rubin was being used to test liver function. This nontoxicity 
was confirmed by von Bergmann. 

This method of testing liver function is based on the 
monopoly of the liver as a bilirubin-eliminating organ and 
the retention of injected bilirubin as a function test of the 
liver. Eilbott’s bilirubin was made from cattle gallstones after 
the method of Kuster, and was placed in ampules of 0.05 gm. 
(The normal daily bilirubin elimination for a human is 0.5 
gm. [Eppinger].) Bilirubin, 0.07 gm., was added to 10 cc, of a 
5 per cent soda solution, warmed to 80° C., and given intra.- 
venously. The reactions in the early cases were: temperature 
increased i°-2°; and chill, 30 minutes to i hour after injec- 
tion. The second series showed no reactions with freshly pre- 
pared solutions. The following findings of bilirubin in the 
blood were considered normal: 

MiUigrain.8 per Cent 

Before injection 0.5 

Immediately after injection ^-S] 

I hour later i .5 > (increase) 

3 hours later i.oj 

3 hours later 0.5 (normal) 

There were 40 normal cases and 68 cases with diseased liver. 
Normal retention of bilirubin; 



Percentage 

Ideal 

Real 

First i hour 

SO 

43.3 

1 hour 

as 

13.3 

i} hours 

12.5 

i3-a 

2 hours 

6.3 

7.4 

aj hours 

3-1 

3.7 

3 hours 

1.6 

1.6 

3I hours 

0.8 

0.83 

4 hours 

0.4 

None 



INTRAVENOUS BILIRUBIN 


83 


A retention of 10-2,5 per cent of the bilirubin at the end of 4 
hours indicates a damaged liver, but a retention of a greater 
amount indicates a definitely deficient liver function with 
liver pathology. 

Purified biliiubin was obtained from the Eastman Kodak 
Company by Greene and Snell (720), 1928, and injected, 
under local anesthesia, into the saphenous vein of dogs. The 
period of injection was i hour, and the amount was 10-50 mg. 
for each kilogram of body weight. The bilirubin accumulated 
in the blood stream; 10 mg. per kilogram with a concentra^ 
tion 2.4 mg. per kilogram per 100 cc. of serum; and 50 mg. 
per kilogram with a concentration 23.1 mg. per 100 cc. of 
serum. Bilirubin leaves the blood stream at a much slower 
rate than the bile acids, and a considerable amount is still 
present in the blood stream after 4 hours. Injected bile salts 
can be recovered quantitatively in the bile within 2 hours. 

If the rate of excretion were very rapid, the increase of 
bilirubin content of the blood serum could not have been 
very high. No satisfactory explanation has yet been oflFered 
as to why bilirubin is removed from the blood stream more 
slowly than the bile acids. One might speculate that the cells 
of the body have a much greater affinity for bilirubin, as is 
shown by jaundiced tissues, than for the bile acids, the body 
tissues thereby retaining the bilirubin much longer than the 
bile acids. The rate of increase of bile pigment in the blood 
following intravenous injection would increase much more 
slowly because the other body tissues are taking it up rapidly. 
The rate of excretion of bilirubin in the bile would be marked- 
ly decreased. 

Subcutaneous injections of bilirubin have been made re- 
peatedly. Quincke, before 1899, injected bilirubin in an alka- 
line solution, 1 : 100, subcutaneously in dogs, rabbits, and 
mice and observed no effect except staining of the tissues. 
He concluded that bilirubin stmns only living connective 
tissue cells and intracellular fibrils, but that in dead tissues 
it stains muscle, fat, and blood-vessel walls. Bilirubin (manu- 
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factored by Merck), administered subcutaneously, 0.6 gm. 
to a rabbit weighing 700 gm., was observed to cause a 
minimum disturbance. He found the salts more poisonous 
than the bile pigments. 

Bilirubin has been fed to various animals. Naunyn intro- 
duced bilirubin, isolated from gallstones, into rabbits, o.i 
gm. in a weak soda solution, by way of the stomach and by 
way of a fistula of the small intestine into the gastrointestinal 
tract, and concluded that bilirubin has no effect on bile or 
bile pigments in the urine. No mention of toxic symptoms 
was made. The purity of his product is questionable, since he 
did his work in 1868.* 

Pure bilirubin in quantities of 100 mg. was fed by mouth to 
dogs by McMaster and Elman. It was also intubed into the 
duodenum. An increase in hepatic bile was observed, but 
there were no bad effects. Eight dogs with biliary fistulas of 
various types were used, the dogs being otherwise normal. 
Crystalline bilirubin was prepared from dog fistula bile. 
Bilirubin 100 mg. was dissolved in 30 cc. of water with the 
aid of 1 cc. of 20 per cent sodium hydroxide. This was fed to 
some dogs, and instilled directly into the duodenum in others. 
The fistula bile was tested for bile pigments, bile salts, and 

9 Naunyn (1355, pp. 432-33): “Einem kleinen muntern Kaninchen werden 
p.p.o. I Gram* aus Gallensteinen dargestellten Bilirubins in etwa 10 c.c. ganz 
verdiinnterSodalosung aufgelostin der beschriebenen Weise in den D^nndarm in- 
jicirt. Das Thier ist sogleich nach der Operation voUig munter, frisst und hiipft 
umher. 

"Wahrend der Nacht endeert 20 c.c. eines neutralen Urins, sehr deudich 
Gallenfarbsto£F-Reaction, Mittags 2 Uhr. 5 c.c. Urin abgedruckt, sehr deutliche 
Gallenfarbstoff-Reaction. 

**£inem kraftigen grauen Kaninchen am 22.4 o.i grm. Bilirubin in 5 c.c. ganz 
schwacher Sodalosung gelost in den Darm injidrt. 

**Der abgedruckte Urin zeigt sehr deutliche GallenfarbstoiF-Reaction. 

**Nur noch undeudiche GallenfarbstodF-Reaction. 

** Kaninchen befindet sich ubrigens fortdauernd wohl; nach 14 Tagen \tird 
dasselbe bei einem andem Versuche getodtet, Keine Spur von Peritonitis, Die 
Stelle der Injection in den Darm nicht mehr zu erkennen. Die angelegte Unter- 
bindungs sclilinge findet sich nicht mehr am Darme vor. 

"Es steht nach diescn Versuchen der Annahme, dass auch unter normalen Ver- 
haltnissen nicht nur gallensaure Salze, sondern auch GallenfarbstofFe aus dem Darm- 
kanal ins Blut aufgenommen werden, nichts entgegen.” 
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urobilin. Bile pigment was absorbed from the intestine. Bili- 
rubin fed or instilled caused a greatly increased output of bile 
pigment. The feeding of bile salts caused the total quantity 
of bile to be increased and the output of bile salts to be in- 
creased, but no increase was noted in bilirubin output. 
Urobilin fed or instilled caused an excess of urobilin to appear 
in the bile. An enterohepatic circulation of bile pigment and 
urobilin was thus demonstrated (McMaster and Elman). 

Bilirubin is not absorbed from the intestine by the portal 
system, and only in small amounts by way of the lymphatics, 
according to Blankenhorn. He used an ingenious device, 
making the portal vein accessible for needle puncture through 
a hollow silver tube. In the same animal he made a biliary 
fistula by using the “altercursive intubation” of Rous and 
McMaster, and intubed the thoracic duct. The jugular 
blood, portal-vein blood, lymph from the thoracic duct, 
breast lymph, and mesenteric lymph were tested for bilirubin 
and urobilin. Fasting dogs were fed 20 mg. “pure” bilirubin 
dissolved in lard. He found that bilirubin, as such, is not 
absorbed from the intestine by way of the portal* vein in 
healthy animals, but that bilirubin may be absorbed from 
the intestine by the lymphatics in minute amounts. Urobilin, 
however, is reabsorbed from the intestine by way of the por- 
tal vein and lymphatics. 

Bilirubin, 0.5-10.0 mg., gjven by mouth produces no toxic 
effects (Verz£r and Zih). Red blood cells and the hemoglobin 
are increased. Three milligrams ^ven intravenously or by 
stomach tube to rabbits cause no tojdc effects. 

lOTRALYMPHATIC INJECTION OF BILIRUBIN 

Sodium carbonate solutions of bilirubin, 0.004-0.008 mg., 
were injected into the dorsal lymph sac of frogs by Plaesterer 
(1481) in 1890, who observed malaise and death. 

This work was repeated by Horrall, who used a very weak 
sodium hydroride solution. There were no toxic symptoms, 
and all 12 frogs lived. When a strong carbonate was used, the 
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frogs died. Sodiiim carbonate solution was the toxic sub- 
stance. 

EFFECT OF BILIEUBIK OK ISOLATED HEART 

Tests of the action of bilirubin on an isolated frog’s heart 
were made by De Bruin (435, 436), in 1889, who found the 
bilirubin slightly more toxic than sodium taurocholate or 
sodium glycocholate. In other articles he declares that bili- 
rubin is four to five times more poisonous than bile salts. His 
last report relates his giving bilirubin intravenously to rab- 
bits in quantities varying from 0.025 kilo- 

gram and finding it toxic. He thought that bilirubin acts 
principally on the central nervous system and causes con- 
vulsions, decrease of blood pressure, fall in pulse rate, 
dyspneic breathing, increased salivation, and obstipation. 

The following extract is from a previously published work 
of the present writer (852) : “The bilirubin was prepared from 
beef gallstones by a modification of the method of Orndorff 
and Teeple. The purity of the bilirubin was determined by 
the spectrophotometric, chemical, and microscopic methods. 
The bilirubin with which this work was done was of a very 
high degree of purity and is the same chemical substance as 
that found in the blood serums of humans and dogs with 
jaundice and also of that found in normal blood. 

“Then twenty-five milligrams of heparin per kilogram of 
weight of the dog were dissolved in ten cubic centimeters of 
physiolo^c salt solution and injected intravenously. This 
amount of heparin was found sufficient to prevent clotting 
during the entire experiment. 

“The bilirubin was dissolved in various solutions such as 
sodium carbonate one per cent, sodium hydroxide one per 
cent, human serum, and dog serum. The solutions were 
warmed to the temperature of the blood and poured into the 
reservoir or injected into the rubber tubing on the venous 
side by means of a syringe and needle. 

“Bilirubin was put into the blood in nine dogs with heart- 
lung preparations. The concentrations varied but reached a 
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maximum of 2.2 grams per liter. A larger amount could not 
be used because the quantity of sodium carbonate necessary 
to dissolve it would become so great that the increase in the 
blood alkalinity would itself affect the heart. The quantity of 
sodium carbonate added to the blood in these experiments 
when tested by itself in the control experiments did not affect 
the heart. There were slight variations in the pulse rate cor- 
responding to the usual variations in the control heart-lung 
preparations. The blood pressure did not change in any in- 
stance. The fat about the heart and also the lungs became 
deeply colored, and on allowing the blood cells to separate 
from the serum the latter had a deep orange appearance. 

“For comparison and to see that the heart would react as 
in the intravenous method, sodium glycocholate o.66a per 
cent caused immediate fall in blood pressure, irregular heart, 
cessation of activity, with acute dilatation of the whole heart. 

“Sodium cholate 0.47 per cent caused irregular heart action 
and fall in blood pressure. 

“Whole gallbladder bile, 5 cc. in 210 cc. blood, caused 
irregular heart with greatly increased amplitude of beat. 
Atropine then caused slowing of the rate and adrenalin had 
very slight effect, while a second injection of bile caused a 
marked increase in amplitude of beat, also increase of the 
rate. This was soon followed by cessation of heart action. 
What appeared at first to be the stimulating action of bile, 
quickly paralyzed the heart. 

“The hearts in these heart-lung preparations of dogs did 
not demonstrate any action of bilirubin, either as a stimulant 
or as a depressant. The same preparations and similar prep- 
arations showed definite effects from whole gallbladder bile, 
sodium glycocholate, and sodium cholate. The toxic portion 
of the bile (cholate radical) caused a fall in the blood pres- 
sure, diminution in the heart rate, increased amplitude of 
beat followed by decreased amplitude, irregular rhythm, and 
acute (filatation of the auricles and ventricles. 

^'Conclusion : — Bilirubin has no effect on the heart.” 
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TESTS FOR BIURUBIH 

There have been many tests for bilirubin, such as Gmelin’s 
color reaction, Maly’s test, Ehrlich’s diazo reaction, and 
Jolles’ test. These tests are not sufficiently sensitive for the 
detection of very minute quantities. The modification of 
Ehrlich’s diazo reaction by van den Bergh gave an extremely 
sensitive qualitative and quantitative test. For his experi- 
mental work van den Bergh used “chemisch reinen Bili- 
rubins” (Schuchardt”). He found the direct reaction in cases 
with gallstones, catarrhal icterus, or cirrhosis of the liver. 
Pure bilirubin gives a direct reaction with serum. Another 
test which is much more sensitive is the photospectrometric 
test. The technic is extremely difficult, and the instrument 
used is very expensive. Pure bilirubin in the blood stream 
does not give a prompt direct reaction, but fresh bile in the 
serum does. Bilirubin obtained in pure state direct from gall- 
stones does not give a direct reaction (Davies and Dodds). 
Van den Bergh thinks there is a difference in the composition 
of the bilirubin found in gallstones and that found in the 
blood stream. 

The physical characteristics of the coloring of bile were 
analyzed by Wit, who found that the basic gels decolorize 
bile completely but that the acid gels bind only a small quan- 
tity of the coloring matter. Animal charcoal, which is ampho- 
teric, decolorizes best. Bile salts inhibit the absorption great- 
ly, but with the addition of a small amount of acid the de- 
colorization is completed quickly; if protein and acid are 
added, the color disappears more slowly. He concluded that 
bilirubin in the blood is dibasic, partly dissolved in the blood 
plasma and partly bound to the proteins. 

The technic of the van den Bergh test is rather simple. The 
determination of the bilirubin in the blood is a chemical prob- 
lem with diagnostic importance. The change in the amount 
of bilirubin in the blood, whether it is increasing or decreas- 
ing, indicates the course of the disease and suggests the man- 

Manufacturer. 
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agement. The relation of tins test to disease is discussed un- 
der the appropriate heading “Icterus.” 

DISCUSSION 

The discussion concerning the toxicity of bilirubin and also 
the relative toxicity of bilirubin and the bile salts may 
be summed up in the following manner. Most of the conclu- 
sions were arrived at indirectly, and very few workers used 
chemically pure bilirubin. King and Stewart (1005), 1909, 
said that “the cost precluded” its use; so they used logic in- 
stead. A whole array of investigators arrived at conclusions 
that biUrubin is toxic and also that bilirubin is more toxic 
than the bile acids, namely, Bouchard, De Bruin, Lugli, 
Frerichs, Plaesterer, IGing and Stewart, Provost and Binet, 
and Bowler. On the other hand, there are those who con- 
cluded that bilirubin is either nontoxic or relatively much less 
toxic than bile acids. A few of these investigators worked 
with chemically pure bilirubin, while many used fairly pure 
products. The following found that bilirubin is harmless or 
relatively much less toxic than bile acids: Rohrig, Legg, Feltz 
and Ritter, von Dusch, Bickel, Rywosch, Leyden, Greene, 
Eilbott, Quincke, Stadelmann, Still, Horrall and Carlson, and 
Horrall. 

RisuMi 

In 1880 Legg (io8a, p. aai) said; “To sum up, it may be 
stated that the bile pigments are physiologically inert.” 

In 1928 Horrall and Carlson (856) declared; “Bilirubin is 
non-toxic.” 

Erroneous idea of detoxification of bilirubin . — It has been 
proved conclusively that bilirubin is nontosic. The idea that 
calcium bilirubinate** is nontoxic probably came from the 
known combination of bilirubin and calcium found in ox 
gallstones and also in very rare instances in human gallstones. 

An article by King and Stewart (1005), which appeared in 

** “ComlMnSe avec le caldum, elle forme une masse vert fonc 6 , ^ reflets m 6 tal- 
liques, le bilirubinate de calcium entre dans la constitution d*une vari 6 t 6 importante 
de calculs biliaires” (i592> p. 44)* 
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1909, is frequently cited. They determined that the lethal 
dose of pig bile given intravenously to dogs was 36 cc. They 
then treated pig bile with 5 per cent calcium lactate and 
filtered it. The filtrate had lost its toxicity, but the alcohol 
solution of the precipitate was toxic. “These experiments 
prove that the tosdc elements have been removed from the 
bile by the addition of a calcium salt” (p. 680). “The only 
explanation which suggested itself to us was that the pigment 
had lost its toxidty by its union vith calcium” (p. 681). No 
chemical analysis of any of these substances was made. 
King and Stewart did not work with bilirubin because the 
“cost precluded.” They arrived at their conclusions indirect- 
ly on assumptions: the first, that calcium lactate, added to 
bile, precipitates all bilirubin and only bilirubin; and second, 
that the intravenous injection of alcoholic solutions is harm- 
less in regard to the alcohol. “The calcium is given up mainly 
by the bone, to neutralize the toxic bile pigments circulating 
in the blood and tissues” (King, Bigelow, and Pearce [1004, 
P- 177]-) 

This is another erroneous assumption; the evidence is lack- 
ing. Horrall and Deninger attempted repeatedly to isolate 
bile pigments from various biles, according to the method 
given by King and Stewart. They always obtained a heavy 
precipitate, which the chemical analysis showed to contain 
proteins, bile salts, calcium soaps, and a trace of pigment. 
The assumption that bilirubin in the blood stream in jaun- 
dice is the cause of the toxic symptoms has been widespread. 
There is no direct experimental evidence in favor of it. 

Calcium has been administered in various forms, intra- 
venously and orally, presumably to detoxify bilirubin. The 
lack of available calcium in obstructive jaundice seems defi- 
nite to Bowler, but he is noncommittal on the question of bile 
pigment or bile salts as the toxic agent. The blood-calcium 
total in jaundiced animals is normal (Bowler and Walters). 
Nontoxic bilirubin is now being injected intravenously to test 

Iiwr fnnrtinn. 
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VARIOUS FORMS OF BILE PIGMENTS 

Biliverdin is derived from bilirubin by oxidation. It occurs 
naturally in the bile of herbivores and the blood of cold- 
blooded animals. It is found in the intestinal tract, and at 
times in the urine in jaundice. 

Biliverdin (Merck") has no effect on the blood and heart, 
according to Rywosch, 1660. Biliverdin, of unstated purity, 
was used by King and Stewart. 

Biliprasin is a hydration and oxidation product of bilirubin. 
It occurs in biliary calculi in man and cattle, in the urine in 
jaundice, and in the placenta of the bitch (Etti). 

Bilifuscin is a hydration product of bilirubin and has been 
found in human gallstones. 

Impure bilifuscin and bilihumin were each injected intrave- 
nously into dogs in 4-gm. doses dissolved in weak alkali. 
Biliprasin in lo-gm. dosage dissolved in weak alkali was 
^ven intravenously to a dog. There was no toxic effect; and 
these injections had the same effect as bilirubin injections, 
according to Feltz and Ritter (568) 

The value of these investigations is open to question. So 
far as the present writer is able to ascertain, none of these pig- 
ments has been isolated in chemically pure form in sufficient 
quantities for experimental work. He was unable to find a 
method for their preparation; nor were they obtainable. The 
methods given are for qualitative work only. When these 
products are examined spectroscopically, the solutions are 
shown to contain a mixture of several bile pigments. 

The beautiful coloring of egg shells is, in most birds, due to 
bile pigments. In some birds, crystalline bile pigments are 
excreted in the droppings. The picturesque coloring of the 
shells of mollusks is due also to these pigments (Krukenberg). 

UROBILIN 

While examining urine and bile, Jiffe discovered an unusu- 
al spectroscopic band; and since the substance which pro- 
duced it was in both urine and bile, he named it urobilin. He 
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later demonstrated this same substance in normal stools. 
Urobilin is derived from bilirubin by reduction or from urobi- 
linogen by oxidation in vitro. The usual reduction product of 
bilirubin is urobilinogen, found in normal feces and in bile; 
sometimes there are traces of it in normal urine. Normal dog 
bile contains urobilin and urobilinogen (Fischler), and swine 
bile contains a greater quantity of urobilinogen (Welzel and 
Weltmann) ; but in human bile there is a very scant amount 
of urobilinogen. In disease the liver urobilin is removed from 
the blood in larger quantities by the kidney, thus decreasing 
the enterohepatic circulation of urobilin (Elman and Me- 
Master). 

Urobilin was found in the blood serum in fatal cases of 
pneumonia by Wilbur and Addis. In polycythemia the urobi- 
lin is very low in the stool and very high in the urine. Liver 
damage by alcohol causes large amounts of bilirubin to be 
excreted in the urine. In lymphatic leukemia the urine con- 
tains no urobilin, and the stool very little. In obstructive 
jaundice there is no urobilin in the urine, while in malaria it is 
increased in the urine and stool. The theory *of the pigment 
cycle is: Hemoglobin -»bilirubin—>’urobilinogen—»urobilin—>’ 
bilirubin-»hemoglobin. Part of the urobilin is excreted in the 
urine and feces, and part is destroyed; all of it cannot be ac- 
counted for in the urine or stool. The test for urobilin is by 
spectroscopic examination; it produces a fluorescence in the 
color tests. 

There is an increase of urobilin in the urine in infections 
such as erysipelas, phenumonia, and typhoid fever. In lep- 
rosy and in mild forms of pulmonary tuberculosis there is no 
increase of urobilin in the urine. Royer believes that a knowl- 
edge of the amount of urobilin in the blood, urine, and feces 
is important for the purpose of diagnosis and treatment. 

The bilirubin output in bile in 24 hours is 0.3-0.4 gm. 
(Eppinger), and the urobilin output in the feces is 0.15-o.a 
gm. (Neubauer). Therefore, there is a retention of o.i5'-o.a 
gm. Presumably, this latter amount is absorbed as urobilin. 
Tlip nnrmal urine excretes 20-20 me. oer dav (Adler). A 
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greater portion of this output is during the digestive period 
(Lepehne). 

When the intestine is free from bile containing bilirubin 
(that is, a few days following complete obstruction of the 
common duct), there is a complete disappearance of urobilin 
and urobilinogen from the urine, the feces, and the bile. If a 
small quantity of bile containing bilirubin is fed to a dog 
after such disappearance of the pigments, urobilin again ap- 
pears in the urine, fistula bile, and feces, indicating that it is 
necessary for the bilirubin to appear in the intestine before 
there is any urobilin in the bile. When jaundice has become 
extensive, urobilin again appears in the bile, urine, and feces. 
This small amount of urobilin is probably derived from the 
secretion of a strongly icteric mucous membrane of the in- 
testine (1241). Blankenhorn tested the blood of 128 different 
unselected men and found urobilin in all but 2 cases. The 
average was 0.28 mg. per 100 cc. In nephritis, malaria, 
pneumonia, and tuberculosis with fever the highest value 
reached was 33.0 mg. The blood of one patient with com- 
plete intestinal acholia w.as clearly negative. Tlus suggests 
that the origin of urobilin is from the intestinal tract. 

Pure urobilin (519), when introduced into the intestine, is 
absorbed (1241). Purified urobilin, 100-500 mg., dissolved in 
50 cc. of I per cent solution of ammonium hydroxide and 
neutralized, was administered to dogs by stomach tube. 
There were no toxic eflFects from the feeding of this pigment 
to dogs. Urobilin was absorbed from the intestine; and dogs 
which had previously been urobilin-free again showed urobi- 
lin in the bile, mine, and feces. The enterohepatic circulation 
of urobilin has apparently been proved. The use of urobilin 
in the animal economy is certainly a matter of conjecture at 
the present time (1242). 

r£sum£ 

There is no evidence that urobilin is toxic. It appears to be 
purely an excretion product. Its reabsorption is of no known 
value. 
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TOXICITY OF OTHER CONSTITUENTS 
OF BILE 

CHOLESTEROL* 

C [OLESTEROL was the first substance discovered in 
bile. Conradi found it in 1775, Chevreul named 
it in 1815. Its insolubility causes difficulty in getting 
it in a suitable solution for intravenous injection. It is en- 
tirely insoluble in water and salt solutions (either hot or cold), 
alcohol, dilute acids, and caustic alkalies but is soluble in hot 
alcohol, ether, chloroform, some oils and fats, and bile salts. 
Bile is capable of dissolving solid pieces of cholesterol 
(Naunyn). 

Normal location . — Cholesterol is found normally in the 
body tissues. Some tissues — such as the brain, nerves, kid- 
ney, liver, eggs, and glands — are particularly rich in choles- 
terol. According to Bouchard, traces are found in all the 
body tissues. The cholesterol content of the bile varies from 
0.5 per cent to 5 per cent (Schafer). Six to 7 gm. of cholesterol 
are excreted in the bile of man in 24 hours (Roger). The 
amount excreted varies considerably, and this variation is 
most noticeable on a rich cholesterol (brain) diet. This type 
of diet has been criticized as causing an overloading of the 
system with cholesterol (Whipple). But a bone-mash diet 
gives an increased cholesterol feeding of aoo mg. per day and 
causes an increase in the normal output of from 30 mg. per 24 
hours to 55-84 mg. It has been suggested that these varia- 
tions are due to gallbladder and bile-duct secretions. Mc- 
Master, in the foregoing experiment, used intubation of the 
hepatic duct to eliminate this factor. 

* Cholesterol is preferred, as this name refers to the secondary alcohol group; 
other spellings are: cholesterine and cholesterin. The name itself implies soHd bile, 
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The work of Jankau has been frequently referred to in the 
literature on bile. He gave cholesterol in oils or fats by way 
of the stomach, intestine, and subcutaneously to rabbits and 
dogs with bile fistula. He could not, according to lus test, 
alter the cholesterol in the blood or output in the bile. 
McMaster objected to these conclusions on the basis of their 
testing small specimen of bile rather than a 24-hour specimen. 
Stadelmann stated that there is no evidence in any instance 
of cholesterol having an enterohepatic circulation. More re- 
cent work tends to support the cycle theory. Cholesterol in 
food of dogs is absorbed from the intestines, and the amount 
of cholesterol in the bile following such absorption is in- 
creased. Cholesterol in the food of rabbits is likewise ab- 
sorbed and finds its way into the blood, where it causes an 
increase in cholesterol esters and free cholesterol. Dog’s feces 
contain unchanged bile cholesterol (1216). The enterohepatic 
circulation for cholesterol has not been definitely accepted, 
by all, as proved. 

In the recent work of Dostal and Andrews with man and 
dogs having biliary fistula, cholesterol was found, in the 
fistula bile, to be independent of diet, oral administration of 
cholesterol, and oral administration of bile acids. 

A quantitative increase in excretion from the blood can be 
caused in normal rabbits by intravenous injection of cholic 
and desoxychoHc adds, according to the work of Yonemura 
and Fujihara. 

There is no adequate test for cholesterol. Of the several 
tests employed, some are rather sensitive but are too compli- 
cated and not specific. The digitonin test seems to be used 
most. The objection to this test is that the green color is ever 
changing during the reading and becomes yellow in 30 
minutes. 

The normal exit for cholesterol is by way of the bile. 
Traces are found in the urine. Cholesterol is found in the 
normal blood serum, 0.09 parts per 1,000 (Becquerel and 
Rodi) ; in whole blood, 0.44-0.75. The white blood cells con- 
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tain four to five times the amount of cholesterol in the red 
blood cells. The amount in the serum and erythrocytes varies 
considerably in different animals. 

Abnormal locations . — ^The abnormal locations of choles- 
terol are: in gallstones in values of ao-90 per cent, almost 
pure crystals, atheromatous abscesses (Rohrig), arcus senilis, 
xanthoma, old infarcts, cholesteatomata, and caseous tuber- 
culous lesions (Hewlett). 

Variations of cholesterol in the blood stream are associated 
with physiologic variations and disease. In gestation there is 
an increase to a.o-a.45 per 1,000; in severe infections 
with increased temperature, a decrease to 0.5; in chronic 
nephritis, 15.0; and in diabetes, 270.0 (Frugoni). In jaundice 
there is usually a marked retention, with a maximum of 8.0. 

Flint, in 1862, found much more cholesterin in the brain, 
blood, and bile than in any other parts of the body. He rea^ 
soned that the blood receives its cholesterol from the brain 
and that it passes out through the bile, where it is a purely 
“excrementitious product.” Much more cholesterol was 
found in the internal jugular blood, 1.545 parts per 1,000; 
femoral, 1.28; carotid, 0.967. Therefore, the jugular vein 
brings the cholesterol from the br^n. The muscles of the legs 
were examined and found to contain no cholesterol, but it was 
found in the nerves. Blood in the portal vein of dogs con- 
tained 1.009 P^ts per 1,000; in hepatic vein, 0.964; arterial 
blood, 1.257. The arterial blood gains 23.307 per cent choles- 
terol in passing through the brain and loses 23.309 per cent in 
passing through the liver. Bile contains a large quantity of 
cholesterol, which is, in turn, excreted in the feces as ster~ 
cotin. He concluded that, when there is failure to excrete 
cholesterol, it is retained in the blood stream and “acts as a 
poison,” and that the nervous disturbances which are as- 
sociated with jaundice are due to the accnimulation of choles- 
terol in the blood, which hinder the action of the brain. 

The role of cholesterol in icterus was observed by Billandot 
and Matthieu and by Rosztoczy. The former tied the com- 
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mon duct in dogs and found pigment in the Kupffer cells in 
the liver and cholesterolemia when cholesterol was injected. 
In human obstructive jaundice he also observed pigment in 
the Kupflfer cells and cholesterolemia. Rosztoczy studied the 
blood, bile, urine, and various organs from normal rabbits 
and found more free than etherized cholesterol. Following 
ligation of the common duct, the free cholesterol in the blood 
and organs was increased; the etherized cholesterol in the 
organs was decreased, but the etherized cholesterol in the 
blood was increased. Nevertheless, the total cholesterol was 
decreased. He concluded that there is an increased destruc- 
tion of red blood cells which results in the release of large 
amounts of cholesterol. 

Action of cholesterol . — ^We have some evidence that choles- 
terol inhibits the toxicity of bile adds and also that it is pro- 
tective, as it greatly increases the resistance of the red blood 
cells. Very likely, other factors will be brought to light by 
further research. 

The cholesterol content of the blood increases four or five 
times its normal value in high-grade bile stasis. Isaac 
thought he found a parallelism between the cholesterol and 
bilirubin content of the blood. But McMaster, with very 
careful and refined technic, conduded that there is no paral- 
lelism. Bile pigment remained constant, and cholesterol va- 
ried, in 24-hour specimen. 

Protective role . — ^It has been shown that cholesterol in- 
hibits the hemolytic power of a munber of substances, par- 
ticularly the soaps. But Bayer found that the hemolytic ac- 
tion of bile salts is not influenced by cholesterol in vitro. 

Pure cholesterol, mixed with bile or bile salts, causes some 
diminution in the toxic effects of the bile adds. Intraperi- 
toneal and intravenous injections of the mixture likewise 
somewhat inWbits the toxic action, according to Horrall. 

A new role has been assigned to cholesterol by Mazzeo. 
Rabbits had been ^ven cholesterol for 10 days in succession. 
Then toxin from culture of Bacillus dysenteriae (Shiga- 
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Kruse bacillus) in varying doses, “d.m.l. — c.c. 0,15,” was 
^ven to the same rabbits. Protection up to and including 
0.60 cc. was afforded by the cholesterol. That protection was 
effective for five times the minimum lethal dose. In the sec- 
ond experiment rabbits were given a mixture by inoculation. 
This mixture consisted of cholesterol in saturated ether solu- 
tion and the toxin of dysentery. Protection up to twenty-five 
times the minimal lethal dose was afforded. In the third part 
of the experiment he found that cholesterol given by mouth 
also afforded some protection but not quite so much as when 
given by inoculation. The mechanism was not explained, ex- 
cept that cholesterol inhibits toxin of B. dysenteriae and 
assumes a protective role. 

Cholesterol, 0.001-0.003 per cent in Ringer’s solution, was 
applied directly to the heart muscle of a frog at room tem- 
perature by Danielewsky (422). The solution caused a stim- 
ulation. Atropine, muscarine, and curare do not prevent the 
action of cholesterol. This work shovdd be repeated. 

Intravenous action . — In 1863, 8 cc. of cholesterol in satu- 
rated soap solution was injected into a rabbit’s jugular vein 
by Rohrig. This injection had no effect on the heart action, 
as determined by listening to the heart with a stethoscope. 
This work was repeated by Pag^s, who injected cholesterol in 
soap solution intravenously in a dog and obtained negative 
results. In the course of 16 days, a.57 gm. of cholesterol was 
injected into one dog. In some of the experiments ether was 
used as the solvent. Koloman Muller reviewed the literature 
and found that in bile neither the salts nor cholesterol could 
cause cerebral symptoms and that neither could cause 
cholemic intoxication. He concluded that cholesterol is toxic, 
on the basis of experiments made with an emulsion of choles- 
terol, glycerin, and soap solution, containing 0.45 mg. (8 cc.), 
which was injected intravenously into 9 dogs, causing coma 
and death in 56 hours. He inferred that the nervous symp- 
toms are similar to those seen in jaundice and are due to 
hypercholesterolemia. 
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Cholesterol dissolved in oil of almonds, making a 5.0 per 
cent solution, was injected intravenously into cats by Chom- 
j akow (201 8, cited) . Either death occurred immediately from 
the infarction of the pulmonary artery or the animal sur- 
vived without any unfavorable symptoms. Enough choles- 
terol was added to a 3 per cent solution of stearin soap to 
make a 0.5 per cent solution. Daily intravenous injections 
into dogs of from 5 to 45 mg. of cholesterol did not cause any 
toxic symptoms (von Krusenstern). 

Cholesterol in Nouvelle Solution was injected into a dog in 
quantities of 0.025 gm. by Feltz and Ritter in 1875. The in- 
jection was repeated six to eight times within a few days, 
more than 1.0 gm of cholesterol having been injected in a 
dog without adverse symptoms. They thought that emboli 
were formed, however, if a large amount of the solid particles 
in the suspension got into the blood stream. The following is 
an outline of the experiments of Feltz and Ritter (568, p. 
162). Dogs were injected intravenously with cholesterin i 
gm. dissolved in 10 cc. of ether; the rate of injection was i cc. 
in 5 minutes, causing death. Emboli were found which con- 
tained cholesterol crystals in the smaller vessels in the lungs. 
They also injected Nouvelle Solution^ which is composed of 

( “Savon amygdalin” Almond soap ) 

“Alcod” Alcohol Mocc. 

“Ether” Ether j 

“Cholesterine” Cholesterol, 0.025 gm. 

When the foregoing solution was warmed, it dissolved a cer- 
tain quantity of “cholesterine,” which remained in suspen- 
sion after the liquid was cold. Thirty cubic centimeters of the 
foregoing liquid were injected at one time, introducing a total 
of from 0.80 to i.o gm. of cholesterol into the blood stream. 
The following conclusions were drawn; Cholesterol of itself 
is not toxic; cholesterol accumulates in the blood because it is 
not excreted; when beyond this matimum solubility in blood, 
it causes crystallization and emboli. This type of injection 
was criticized by Bouchard in 1887, who pointed out that 



soap and water or “potash” mediums would of themselves 
kill. Control injections of the same menstruum without the 
cholesterol were not used. Cholesterolemia, induced experi- 
mentally by various processes, is too questionable to be con- 
sidered seriously. Cholesterol in atheromatous abscesses 
which were wide open were found at autopsy in the aortic 
wall of old people. The almost pure cholesterol content of 
these abscesses amounted to several grams, and there was no 
indication of poisoning. Cholesterol dissolved in glycerol 
causes toxic symptoms; but Stadelmann (1824) in 1896 at- 
tributed these to the emulsion, surmising that the injection 
of the suspension causes emboli. Fasiani injected slowly 1.75 
gm. of cholesterol in 175 cc. suspension without producing 
any poisonous effects. 

Since the work of King and Stewart has been referred to so 
frequently by various writers, it should be noted here. The 
lethal dose of pig bile given intravenously to dogs had been 
determined at about 36 cc. Then an ether extract of the same 
bile was made; 0.16 parts of cholesterol per 100 cc. of pig bile 
were dissolved in alcohol, made up to the same volume as the 
bile, and then likewise injected intravenously. The lethal 
dose of this alcohol solution® of cholesterol was the same as 
for whole bile; also the same as the bile from which the 
cholesterol had been removed. They concluded that 0.025- 
0.176 gm. of cholesterol is lethal. 

Subcutaneous, — Cholesterol, 0.5 gm., was dissolved in 
equal amounts (2 cc.) of Ricinus-soloin (castor oil?) and 
water and injected subcutaneously into a dog by Rywosch. 
Solvin itself is nonpoisonous. No ill effects were observed. 

In xanthelasma one finds constantly an increase in blood 
cholesterol to about 5-6 mg. per cubic centimeter (5 parts per 
1,000) (Roger). The normal is 1.7-2.95 mg. per cubic centi- 
meter (Mathews). 

Cholesterol is also interesting because of its association 
with gallstone formation and its intimate chemical relation to 

^ Alcohol injection may hare caused the death. 
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bile acids (Wieland). Almost pure cholesterol (98 per cent) 
gallstones are frequently found in man. They cause no toxic 
symptoms. The action of cholesterol on the liver is unknown. 

R]^SUm£ 

There is no positive evidence that cholesterol is tosdc. 

LECITHIN 

In man, lecithin occurs in gallbladder bile 1.33-29.75 per 
cent in the alcohol-soluble solids in bile; in fistula bile, 
2.54-15.5 (Mathews). Bile salts dissolve 80 per cent of their 
weight of lecitHn. No method has yet been found to separate 
lecithin from bile (Long and Gephart). The phospholipins 
in bile are combined with the bile salts at least in part, 
and neither can be completely separated from the other 
(Mathews). 

Two grams of lecithin were injected into the vein of a dog 
by Fasiani without producing any poisonous symptoms. 
Lecithin inhibited the hemolytic action of bile salts, accord- 
ing to Bayer; but in the blood stream the quantity is never 
sufficient to be of any practical value. Opposing this view, 
Danielewsky found that lecithin acts as an outstanding 
stimulating agent on the heart muscle in quantities of o.ooi- 
0.005 per cent solution. 

A commercial product of lecithin (Armour®) was repurified 
in the writer’s laboratory. This white crystalline lecithin was 
then used for the experiments. The bile-salt solution, sodium 
cholate and ordinary sodium glycocholate, was mixed with 
this lecithin, making a saturated solution. This solution was 
injected intravenously and also intraperitoneally into dogs. 
The toxicity of the bile was slightly reduced. 

CEREBBIN 

Cerebrin occurs in bile in very small quantities. It inhibits 
the action of bile salts on the erythrocytes in -titro (Bayer 
[127]), but probably has no effect in vivo because it occurs in 

3 Manufacturer. 
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infinitely small amounts. Further experiments are necessary 
to eluddate the role of these lipoids in the bile in normal 
animals and then to determine their todcity, if any, under 
pathologic conditions. Bile constitutes a channel of exit for 
sterols, phospholipins, and cerebrin. Much research is neces- 
sary to determine whether they are pvure excretions or of some 
value in the biliary fluid; very little has been done with them 
under normal or diseased condition. “ 

MUCIN AND PSEUDO-MUCIN 

A mucin-like substance is added to the bile as it leaves the 
liver, and serves as a protection for the biliary passages and 
gallbladder. It makes up about lo per cent of the total solids 
(Legg) ; in gallbladder bile, 2 per cent (von Gorup-Besanez) 
or 3 per cent (Frerichs). Much more is found in gallbladder 
bile than can be accounted for by the ordinary gallbladder 
concentration. This particular mucin is different chenucally 
from that secreted elsewhere. The mucin-like substance in 
the gallbladder is not a true mucin but a phosphoprotein 
(Hammarsten), which yields no sugar on hydrolysis, as does 
true mucin (Mathews). A small amount of true mucin may 
be present in human bile. 

OTHER SUBSTANCES 

Bile contains a large number of other substances. Exten- 
sive lists have been compiled which show marked variations 
in the constituents, both qualitative and quantitative. The 
analyses for different species of animals reveal that bile con- 
tains many substances not common to the bile of all species. 
Even within the species, bile in the normal animal varies con- 
siderably. Bile contains not only the substances previously 
mentioned but also a large variety of other organic and in- 
oiganic substances. Many abnormal substances are excreted 
in the bile, such as bacteria, toxins, metallic salts, and dyes. 
Many substances occur in very small quantities, and under 

<Editoria 4 JAMA, 88:1322, 1927. 
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normal conditions should not modify the tosdcity of bile. 
Under conditions of extensive metallic poisoning, the toxicity 
of bile is probably increased. For a list of bile constituents, 
see the chapter so titled. 

An attempt has been made to discuss the most evident 
substances rather than deal with an almost inexhaustible and 
yet scarcely known list of bile constituents. 

‘‘White bile " — In some cases the coloring matter in bile is 
defident and does not have its usual bitterness, and the lining 
of the bile passages is colorless (Budd in 1852). 

The finding of white bile at an operation indicates a fatal 
outcome; Ritter, Judd and Lyons, Rous and McMaster, and 
Hanot concluded the term itself is a misnomer. The writer was 
fortunate enough to obtain white bile in two dogs with 
ligature of the common duct of several weeks’ duration. 
Intravenous injection in dogs, and intraperitoneal in mice, of 
this so-called “white bile” did not produce any toxic symp- 
toms. 

Many colors of bile have been observed in various animals. 
Practically all of these variations in color are due to changes 
in the type or quantity of bile pigment, which is nontoxic. 
Pigment is absent from white bile. Pigment, cholesterol, and 
cholates were absent from white bile (Drury and Rous), as 
found in dogs which had received a lethal amount of chloro- 
form and lived only 3 days. White bile, obtained at operation 
from a patient with jaundice, was analyzed by Lake and 
Patterson. Chemically, there was no mucin protein, bile pig- 
ment, bile salts, and cholesterol; but there was 0.862 per cent 
chlorides calculated as sodium chloride. 

Experimental biliary obstruction and also obstructive 
jauncUce in the human do not ordinarily produce white bile. 
Sometlung other than mere obstruction seems necessary. 
Clinically, white bile is sometimes found at operation, as- 
sociated with stric^ture of the common duct caused by stone 
or tumor. White bile is rarely found where there is no ap- 
parent obstruction; but when found, it seems to be the result 
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of cholangitis (Judd and Lyons). White bile found in a pa- 
tient with deep icterus usually indicates an inactive liver with 
a high blood urea and gives an unfavorable prognosis (Drury 
and Rous). Following chloroform-poisoning of the liver, 
white bile is secreted (Rous and McMaster). Another kind of 
bile accumulates above an obstruction of the common duct 
with nonfunctioning gallbladder. This concentrated stasis 
bile is replaced by a colorless fluid, which may be derived 
from the liver parenchyma or the secretory cells in the walls 
of the duct system. White bile is also formed whenever the 
liver secretes against a pressure obstacle (McMaster, Broun, 
and Rous). It is not serious if the obstruction is removed early. 

In fundamental liver injury the ori^n of white bile is 
unknown. When found by surgeons at the time of operation, 
the prognosis is grave. Bilirubin, cholesterol, and bile salts 
are all absent from white bile; and there is very little calcium 
(Drury). When the common duct is tied, there is a liver-cell 
disturbance or failure and the secretory function is impaired, 
as shown by the inability to take up and secrete sodium in- 
digotate. 

When white bile was found, the conclusion was usually 
drawn that there was an acholia. The reason for the white 
bile is that the obstruction is toward the liver side of the 
collection of fluid; so the white fluid is generally conceded to 
be entirely free from bile constituents and is a secretion prod- 
uct of the mucous cells in the bile passage, possibly stimu- 
lated by bacteria. In other words, this is a hydrops of the 
bile duct, or, as Gamberini terms it, chemically a transudate 
of the bile-duct epithelium and a pathologic product of the 
glands of the ducts. Liver-cell damage with acholeresis and 
white bile has been observed following phosphorus poisoning 
by Fischler, following chronic alcoholism by Brauer, and fol- 
lowing long-c»ntinued fasting by PetrofF. The paracholic the- 
ory of white bile was supported by Kausch. He thought that 
the hepatic cells, because of excess pressure in the bile ducts, 
direct the bile into the blood stream. 



PLEIOCHROMIC BILE 


105 

Black bile . — Black bile of tarry consistency has frequently 
been observed in man (Pauchet, Desplas, Matthieu, Dalsace, 
and Vottero). It is usually associated with gallstones, and 
recovery is rapid following cholecystectomy or cholecystot- 
omy. 

Rust bile. — Rust-colored bile was supposed by Louis (cited 
by Budd) to be characteristic of typhoid fever. 

Green bile . — Green bile was observed by Kanasaki in a man 
with cirrhosis of the liver. The blood serum contained 172. 
Meulengracht units of bilirubin. The bile was a grass green, 
contained no bacteria, but did contain bile sand. Green bile 
is normal in many animals. 

Pleiochromic bile . — ^Pleiochromic bile is caused by various 
toxic substances and various dyes (Lepehne). 



CHAPTER IX 

CONCENTRATION OF BILE IN THE BLOOD 

I N THE older literaturcj when reference was made to bile 
in the blood, the interpretation was usually made on the 
basis of the concentration of color in the serum. 

The presence of bile in the blood has long been observed. 
The pigment colors the blood serum and is easily <hstin- 
guished by chemical tests, but its presence was formerly 
thought to be due to disease. Recent work has indicated that 
bile pigments are formed by hemoglobin, transported by the 
blood to the liver and there removed to be excreted in the 
bile. Its concentration in the blood is variable, according to 
the efficiency of elimination. Certainly some bile pigment is 
present in the normal human blood. 

The theory that bile acids are present in the blood has pro- 
voked an immense amount of research. Investigators have 
devised a great variety of tests to determine the existence of 
bile salts in the blood. The absence of a spedfic test for cholic 
add has prevented the establishment of satisfactory proof of 
their presence in normal blood serum. They may, however, 
be present and transported, as the bile pigments are, for selec- 
tive removal by the liver. This can be determined only when 
an extremely delicate spedfic test has been perfected. There 
is insufficient evidence to prove that bile salts are produced 
only in the liver. From recent work it must be conceded that 
when the liver is effident, cholic add and taurin, when ad- 
ministered quantitatively to the animal, are readily excreted 
in the bile quantitatively as taurocholic add; but the site of 
their conjugation has not been determined. 

In regard to the concentration of bile in the blood, the 
concern is prindpally with the amount of bilirubin and bile 
salts. The quantity of other substances, such as cholesterol 
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and lecithin, are important but have received very little con- 
sideration from the point of view of the study of bile. 

CONCENTRATION OF BIURUBIN 

A large number of tests for bilirubin have been developed. 
The Gmelin nitric acid color test is qualitative. The Salkow- 
ski test is also based on an oxidation reaction but is more 
complicated. The reaction determined by Gilbert and Her- 
scher is satisfactory for a minimum test of i : 50,000 of 
bilirubin, that is, 0.02 gm. of bilirubin per liter. The lower 
limit of sensitiveness rules out this test. Erhlich’s diazo reac- 
tion depends on a color development by azobilirubin. It is 
sensitive to 0.001 gm. of bilirubin per liter. This color test 
cannot be read for 24-48 hours and is attended by too many 
laboratory errors. The van den Bergh reaction is based on 
the diazo reactions, the direct and the indirect. This reaction 
requires only a short time and is sensitive to less than 2 mg. 
per liter. This sensitiveness approaches the physiologic varia- 
tion of bilirubin in the blood, and even hypobilirubinemia. 

The bilirubin content of the blood serum in man, according 
to van den Bergh, normally varies from 1:1,000,000 to 
1 :40o,ooo, which in terms of units is 0.2-0.5 as physiological- 
ly normal. In obstructive jaundice in the dog, Snell, Greene, 
and Rowntree observed 30.8 mg. per 100 cc. of blood serum. 
In obstructive jaunchce the bilirubin in human serum is 71.6 
mg. (highest value) per cent, twenty-five times the normal 
maximal value (Grave). The normal human bilirubin serum, 
1 : 500,000 or 1 : 600,000, may increase to i : 50,000 or i : 60,000 
before any s^n of jaundice appears in the skin, urine, or 
feces (Barrow). 

The average normal bilirubin in the blood serum is 0.3-0.5 
mg. Judd considered values in the blood of 0.5-1 .0 mg. to be 
normal and found that jaundice appears when 5.0-6.0 mg. 
are present. The bilirubin content of the normal blood varies 
considerably according to individual differences, but ordina- 
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lily remains fairly constant, according to Bauer and Spiegel, 
with a normal variation of i.a-2.6 mg. 

The spectroscopic test is much more sensitive than the 
van den Bergh test but requires a specially trained laboratory 
worker to perform it successfully. 

CONCENTRATION OF BILE ACIDS 

Since the toxic constituents of bile are the bile salts, it is 
extremely important to know their quantity in the blood. 
Many tests have been devised for this purpose. It is neces- 
sary to use a chemical method, but there is no specific quan- 
titative test for bile acids or salts. A great number of tests 
have been devised and then rejected because of numerous 
complications. The Pettenkofer reaction, with its many mod- 
ifications, has been used most since its discovery in 1844. 
The problem has been to eliminate the complicating sub- 
stances from the blood and other fluids so that a fair test can 
be made. But the processes developed by a large number of 
researchers are complicated, and the probabiUty of modifying 
the bile acids or diminishing them during the test is exceed- 
ingly great. Perhaps the best modification up to the present 
time is that of Aldrich and Bledsoe. However, that test for 
bile salts is not to be compared vith the sensitiveness of the 
spectroscopic tests for the bile pigment. It must be remem- 
bered that no modification of the Pettenkofer test is specific 
for bile acids. Walker, at Oxford University, has recently 
shown that cholesteryl oleate in the alcoholic extract of 
normal blood gives a positive Pettenkofer reaction. The fol- 
lowing substances, in addition to bile salts, also give a posi- 
tive Pettenkofer reaction; Thu<tichum (1926, p. 121) lists oleic 
acid, lecithin, myelin, spingosin, and cerebrosiden; Mylius 
(1343, p. 495) lists eight substances; isopropylalkohol, isobu- 
tylalkohol, allylalkoliol, trimethylcarbinol, dimethylethycar- 
binol, amylalkohol, “Oelsaure,” and petroleum; Udranszky 
lists forty substances, including the following; omichmyl- 
oxyd, uroxanthin, uroglacin, urrhodin, urohematin, uroeryth- 
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rin, uromelanin, omicholsaure, urochrom, urobilin, biliru- 
bin, hydrobilirubin, indirubin, and indoxyl; and Tashiro and 
Mills add phospholipids, cholesteryl oleate, phenols (many), 
aromatic bases, and oleic acid. 

The Pettenkofer reaction is ordinarily sensitive to a gm. of 
bile salts per liter. There is no test at the present time. Walk- 
er believes, adequate to prove the presence of bile salts in 
normal blood. He bases this statement on the tests made by 
using ox and sheep blood, to which he added known quan- 
tities of bile salts; he found that the tests did not account for 
the total quantity of bile acids that had been added. 

Many modifications of the Pettenkofer test have been 
tried, but for one reason or another they are not universally 
used. The quantitative spectroscopic method, sensitive to 
o.i gm. per liter (Gilbert), and the stalagmometric method of 
measuring superficial tension are too complicated for general 
use. 

The bile-salt content of the normal blood varies from 3 to 6 
mg. for each 100 cc. of blood, according to the Aldrich modifi- 
cation of the Pettenkofer reaction (Aldrich and Bledsoe). 
The comparison was made with glycocholic acid. Experimen- 
tal obstructive jaundice in the dog shows a test as high as 
16.3 mg. per cent; following intravenous injection of bile 
adds, 75.0 mg. per cent. Only in intense icterus are bile acids 
found in the blood; the highest, o.i gm. in a liter (icxj mg. per 
cent). In man in obstructive jaundice the adds reach 16.7 
mg. per cent, according to Aldrich and Bledsoe. Bile salts in 
normal human blood are present in amounts of 0.02,5 
bile salt per 100 cc. of blood; in icteric patients, a.0-8.0 mg. 
(Jenke and Stdnberg). 

Bile adds are eliminated from the blood at different rates, 
as shown by the work of Snell, Greene, and Rowntree. In 
normal animals, following intravenous injection, when the 
blood is tested by the Aldrich-Pettenkofer reaction the blood 
is found to return to normal within i hour; with common duct 
obstruction the bile add content of the blood is stilljhigh 
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after a hours and remains higher than normal for several 
hours. However, there appears to be no evidence of an ac- 
cumulation by injecting every second or third day (Snell, 
Greene, and Rowntree). In common duct obstruction with 
the gallbladder present, Mann and his co-workers found that 
the bile acids increase markedly the first 2 or 3 days, reach the 
maximum by the second or third week, and gradually 
diminish to normal about the fiftieth day following obstruc- 
tion, remaining at a steady level thereafter, with only slight 
fluctuations. The highest concentration of bile acids is in ob- 
structive jaundice, 30.8 mg- per 100 cc. of blood. 

It is generally conceded that bile salts and pigment under 
normal conditions are rapidly removed from the blood stream 
and secreted in the bile. Greene and Snell have shown that 
bile salts are absorbed from the intestinal tract, since they 
are found in greater quantity in the portal blood than in the 
peripheral blood. 

A reciprocal relation has been observed between Petten- 
kofer positive substances in the blood and the blood sugar; 
when the “blood salts” rise, the blood sugar falls, and vice 
versa (Tashiro and Schmidt, Tietz and Goldblatt). This pe- 
culiar relation has also been shown microscopically in the 
liver: the more bile in the liver cells the less glycogen, and 
vice versa (Saadi-Nazim and Usuelli). This phenomenon will 
be discussed under jaundice. 

DISSOCIATED JAUNDICE 

The French school, headed by Brul6, 192a, and followed by 
Lemierre, Garban, Weill, Lordat, Widal, and Abrami, has 
described dissodated jaundice. Either bile salts or bilirubin 
may be present in large quantities in the blood stream, to the 
exclusion of the other. Thus, the bile salts or bile pigments 
either are not produced in the same proportion, are not ex- 
creted but are retained disproportionately, or one is re- 
absorbed and the other rejected normally. Hoover and 
Blankenhorn and many others do not agree entirely with the 
views of the French school as to the actual pathology back of 
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these variations, and others find no bile salts in the blood or 
urine in icihe dissociSe (Lemierre and Brul 4 ). Brul6 suggests 
that the dissociation occurs as a differential retention when 
the hepatic cells become suddenly impermeable to the pig- 
ments, causing their retention in the blood, the bile salts 
being excreted through the liver in the normal manner. Ob- 
struction of the bile capillaries would not result in the selec- 
tive retention of some one constituent in bile. 

In 1931 Tashiro (1893) said that bile salts had not yet been 
isolated from normal blood. He thought that the methods of 
proving the presence of these salts in the blood are inaccurate 
and that, as the methods are improved so as to exclude other 
Pettenkofer positive substances, the more difficult it will be 
to show that bile salts are in normal blood. There are “blood 
salts” which give a positive Pettenkofer test, but these salts 
do not react like cholic add. If there is any bile salt in normal 
blood, it must be desoxycholic acid or compounds very simi- 
lar to it. The positive Pettenkofer substances normally found 
in the blood are the greatest in the dog, next in man, then in 
the horse and rabbit. The technic of the Pettenkofer test 
(Tashiro, Schmidt, and Tietz) has been perfected to such an 
extent that cholic add can be detected in amounts of o.ooay 
per cent. 

xisuMfi 

A number of difficulties are encountered in making the 
tests for bile salts in the blood, either whole blood or serum. 
The various bile adds have different physical and chemical 
properties. The compound or the conjugated bile adds have 
Afferent reactions from free cholic acid. No one has ever 
been able quantitatively to separate bile adds from lecithin. 

When a spedfic test for cholates in the blood is discovered 
which is as sensitive as the spectrophotometric test is for 
bilirubin, the whole conception of jaundice may have to be 
reconstructed. The liver is the excretory organ for bilirubin, 
which, in part at least, is formed elsewhere. 

May not the conjugated cholates be products of metab- 
olism of all the cells of the body? 



CHAPTER X 

THE EFFECT OF BILE ON THE BLOOD CELLS 

ACTION OF BILE ON THE ERYTHROCYTES 
DESTRUCTIVE ACTION 

T he erythrocytes are destroyed by bile, as was ob- 
served by Portal in 1813, Hiinefeld in 1840, and then 
by von Dusch in 1854. The disintegration took place 
as von Dusch made the examination with the microscope. 
Hiinefeld observed this action with the bile of man, ox, dog, 
cat, bird, and frog, upon the red cells of man, pig, and frog. 
The action of these (Efferent biles on the various red cells was 
the same, with the exception of the action of bile on the frog’s 
blood corpuscles, in which the nuclei remained unchanged for 
a longer time but finally broke up into granules, which later 
disintegrated. His direct observations showed, under the 
microscope, the disappearance of the red cell when it came in 
contact with bile, the destruction being so complete that a 
solution of iodine could not bring ghosts into view. 

These observations were applied to the interpretation of 
jaundice by Gubler in 1858, as reported by Dreyfus-Brisac, 
his student, who said that, when an extreme amount of blood 
is destroyed and the liver is unable to eliminate it sufficiently, 
the colored material accumulates in the blood, causing a 
discoloration of the tissues. This destruction of the red cells 
causes an anemia, which can be determined by an analysis of 
the blood; accompanjdng the anemia, bile usually appears in 
the urine. The isolation of bile acids from the blood in biliary 
obstruction and following intravenous injection and a dim- 
inution in the number of red cells, according to tests made by 
Kiihne in 1858, led him to assume that the decrease is caused 
by bile. Following the injection of bile or bile acids intra- 
venously, he observed the appearance of bile pigments in the 
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urine and concluded that bile causes hemolysis. The injection 
into the jugular vein of a dog of 15 cc. of carefully filtered bile 
obtained from the gallbladder fistula of a dog was followed in 
24 hours by dark, icteric urine, which contained, chemically, 
bile acids and bile pigments. A saturated solution of 5 cc. of 
sodium glycocholate in lo cc. water produced in the 17-hour 
urine albumin, bile pigment, and bile acids. Bile salts were 
prepared by precipitation of an alcoholic solution of ox gall 
with ether, freed of pigment and taurocholic acid and crys- 
tallized. Cholic acid was obtained by cooking sodium glyco- 
cholate for 36 hours with potash, separating with ether, and 
crystallizing. Sodium glycocholate, 6 per cent solution, or a 
saturated solution of cholic add was injected into 7 dogs, 
causing all to show bile acid and bile pigment in the urine. 
Death occurred when the injection was made too rapidly. 
The blood contained bile acids in 24 hours after ligation of 
the common duct of dogs. Sodium benzoate, i gm., was then 
given; and the urine was found to contain no conjugated bile 
acids but did contain unconjugated cholic add. The feces 
contained no bile adds and no bile pigment.* 

Hemolysis of hemoglobinuria, according to Hoppe-Seyler, 
1 86a, and Huppert, 1864, is caused by intravenous injection 
of large quantities of bile. Naun5m, 1868, observed that bile 
acids caused hemolysis and thought that a similar cause 
might be the lo^cal factor in hematogenous icterus. 

Fresh ox bile, filtered or unfiltered, when mixed with blood 
of the same animal, according to von Dusch, 1854, causes 
hemolysis. Taurin has no eflFect, but sodium glycocholate 

* Kuhne (1034, p. 340); “Dass der Blutfarbstoff hierbei in Gallenfarbstoff un- 
gewandelt ^rd und da^ den Gallensauren ein bis jetzt allerdings noch unerklar- 
barer Einfiuss darauf zugeschrieben werden musse.” 

P. 355: “Haben mr zur Genuge gczeigt, dass die Gallensauren, einen constanten 
Bestand^eil des icterischen Harns ausmachen, so konnen wir jeder Annahme ent- 
behren, welche das Gegentheil erklareu soil, um so mehr, als diese Annahme sich 
auf Experimente stiitzt, deren Resultate im wesentlichsten Theile als falsch be- 
funden worden, da auch nach Injecdonen gallensaurer Salze im Harn wieder un- 
veranderte Gallensauren aufgefunden werden. Das Erscheinen des Gallenfarb- 
stoffs kann aber, \ne gezeigt wurde, ohne Zwang von der Umwandlung des Blut- 
roths abgeleitet werden.” 
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sodium taurocholate cause destraction of the red cells. 
Microscopic examination of the contents of the test tube 
prove that the cells are completely and suddenly extinguished 
by bile salts. Iodine solution does not stain the cell mem- 
brane (ghost), as it does following hemolysis with distilled 
water. Frog corpuscles are more resistant to bile than ox cor- 
puscles (Kuhne, Simon). 

Ox bile and red blood cells were used by Rywosch in 1888 
to determine the toxicity of various bile acids. He criticized 
von Dusch and Kiihne for using a noncrystalline, impure 
sodium glycocholate. It is interesting to note that Rywosch 
himself could not have used absolutely pure crystalline so- 
dium taurocholate, for it is not made even now in quantities 
sufficient for animal experimentation. Kuhne used 6 per cent 
sodium glycocholate on frog’s red blood cells and observed no 
solution of the cells, but the hemoglobin was removed. 
Leyden, 1866, by the same method, had previously found 
that the cells dissolve if left in the solution a little longer. 

Sodium taurocholate is more hemolytic than sodium glyco- 
cholate (Feltz and Ritter in 1 874) ; the mode of action of both 
salts is identical. Both deform, and then actually decompose, 
the blood cells. Whole bile has the same action as bile salts. 
The blood of the dog becomes anemic following repeated in- 
travenous injections of small doses of bile, and the blood fats 
and cholesterol are increased. 

Alteration {altSrSe) of the blood is produced by bile salts 
passing through the drculation, according to Bouchard, 
first dissolving* the hemoglobin, then breaking up the 
red blood cells and finally other cells of the body, causing 
secondary toxic substances to be set free in the blood stream, 
thereby producing a secondary autointoxication. He as- 
sumed that these secondary substances are responsible for 
most of the intoxication found in icterus. 

Hemolysis following intravenous injection of bile salts was 
observed by Rywosch, Neufeld, and Handel, while a diminu- 

« Bouchard (233, p. 780) in 1895: *‘Enfin, la bile agjt aussi sur les divers tissus/* 
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tion of hemoglobin was recorded by RufFer after intravenous 
injection of ox bile into rabbits. 

Bile salts, according to Neufeld and Handel, are a proto- 
plasmic poison and have a cytotoxic effect, causing hemoly- 
sis of red cells, disintegration of white cells, disruption of 
spermatozoa, hemorrhage, albuminuria, and lysis of proto- 
zoa. A diminution of the red-cell count following intravenous 
injection of ox bile in rabbits was reported by Ruffer, but he 
also observed a similar diminution in the red-cell count fol- 
lowing injection of bile into the peritoneal cavity of experi- 
mental animals. In 1896, experiments on fistula dogs were 
performed by Stadelmann. Large quantities of bile salts, but 
no greater than the dog would normally receive in bile, were 
fed; and there was an increase of bilirubin in the bile. This 
increase, Stadelmann explained, was due to the action of bile 
salts on the red cells. He pointed out that sodium tauro- 
cholate, i :6oo, destroys red cells and that the sodium glyco- 
cholate, i : 50, has the same action. Therefore, he concluded 
that sodium taurocholate is about ten times more toxic for 
red cells than sodium glycocholate. Ox bile, human bile, and 
the bile of other animals were found, by von Dusch, 1854, to 
have the same effect on the red cells. But Ludke in 1906 re- 
ported that bile of the various animals differs much as to 
hemolytic power; this difference was not accounted for by 
the variation of solid constituents or in any other way. Che 
bUe and sheep bile injected intravenously into rabbits caused 
a diminution of red cells and hemoglobin. In vitro, bile 
hemolyzes and then destroys the red cells. Anemia follows 
the ligation of the common duct and also occurs in external 
biliary fistula in dogs, according to Adler and Brehm. 
Anemia can be prevented in dogs with gallbladder fistula by 
giving 50 cc. of ox bile twice a day by mouth, according to 
Seyderhelm and Tammann (175a). The question as to which 
constituent of bile causes the anemia in biliary fistula is still 
unsettled. An anemia is found almost constantly in obstruc- 
tive jaundice, which includes a diminution in the total num- 
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ber of red cells and hemoglobin in experimental animals and 
men with jaundice. This is probably a secondary anemia. 

PROTECTIVE SUBSTANCES 

A remarkable property of the blood, preventing the de- 
struction of red cells by the cholates, was observed by 
Liidke. Plasma diminished the action of bile and bile salts 
in destroying the red cells. There was something in the blood 
serum making it more protective than a simple physiologic 
salt solution. It has been suggested that the proteins in the 
blood stream counteract the action of bile salts. Ludke's ex- 
periments in vitro were made by adding small amounts of 
blood serum to a suspension of red cells before the addition 
of bile. The cells of ox, sheep, hog, horse, rabbit, dog, goose, 
guinea-pig, and goat were used; and either autosera or 
heterosera were found to be protective agents. The bile used 
to hemolyze the cells was obtained from ox, dog, sheep, pig, 
and man. The method of procedure was to use a 5 per cent 
suspension of red cell, i cc., and serum, o.i cc. and up, to 
which bile, 0.5 cc., was added. Hemolysis always occurred if 
the serum had not been added. When a sufficient quantity of 
the serum had been added, it protected the red cells from the 
hemolyzing action of the bile. 

Hemolysis by bile salts is prevented by plasma, according 
to the findings of Bayer (127). Lecithin in the blood serum 
possesses some inhibitory action but not in large enough 
quanrities. Digestion of the serum proteids destroys the pro- 
tective action. Bile acts on emulsions of lecithin similarly to 
the lysis of corpuscles. Thus, Bayer (128) concluded that bile 
salts cause hemolysis by acting on the lecithin in the erythro- 
cytes. This action was explained as due to a physical com- 
bination of serum albumin and bile salts, forming a colloid, 
which protects against the action of the bile on the red cells 
and on other cells and tissues in the body. In contrast to this, 
he said that the liver cells have an affinity for bile. 

The action of bile on the red cells is attributed to the 
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combination of lecithin and bile; and, because of this affini- 
ty,® Bayer attributed the nervous symptoms in jaundice to 
the action of bile on the lecithin in the brain. Distilled water 
acts on the red cells, causing them to swell; the internal pres- 
sure on the cell becomes so great that the cell wall becomes 
permeable for hemoglobin. But saponin acts on the lipoids 
of the cell, thus permitting the hemoglobin to escape without 
the red cell increasing in size. The bile salts cause a chemical 
disintegration of the lipoid-structure constituents, thus free- 
ing the hemoglobin. The bile salts do not act on the cell wall 
alone but on all the lipoids throughout the cell. 

In obstructive jaundice the erythrocytes have an increased 
resistance to hypotonic salt solution, but the resistance to 
saponin is diminished, from which it would appear that the 
bile acts like a saponin substance on the lipoids in the red 
cell. The bile in jaundice having already acted, to a certain 
extent, on the red cell, when only a small amount of saponin 
is now added the hemolysis is completed. 

A dilution of blood serum l :3o protects against l mg. of 
sodium taurocholate in 1.5 cc. fluid total for red blood cells; 
the protein in the serum inhibits the hemolysis by bile salts 
(Sellards). Fresh gallbladder bile from the pig and sodium 
glycocholate and sodium taurocholate (Eimer and Amende) 
were tested against washed pig corpuscles and against human 
corpuscles and serum. Preparations with normal serum 
showed complete protection against twenty times the animal 
hemoljrtic dose and also complete protection against eight 
times the dose of socUum glycocholate and bile salts required 
for complete hemolysis. 

Bile salts are active hemolytic agents in vitro. Normal 
serum protects effectively against the hemolytic action of 
bile. In serum dilutions as high as 1:3,000 a trace of this 

3 Ledthln inhibits the action of bile for hemolysis as cholesterin inhibits the 

action of sapomn (as a poison) hemolyds. affinity. The AffinitSt 

of liver for bile is ^at it selects it from the blood stream, that is, it does not remove 
urea, as the Iddney does. 

4 Chenucal manufacturers. 
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protection still persists. Precipitation of the proteins by heat 
does not aflFect this inhibitory property of the serum. The 
blood serum has a specific action by which it destroys the 
poisonous effects of the bile salts. It protects the erythro- 
cytes from hemolysis. 

The hemolytic action of bile salts is inhibited by blood 
serum; o.i cc. of serum lengthens the time required for the 
hemolysis of i cc. of a 5 per cent suspension of human red 
cells by 1:1,000 sodium taurocholate from | minute to 7 
minutes. But, since bile salts do not attain the concentration 
of 1 : 1,000 even in intense jaundice, there can be no hemo- 
globinuria even in the most intense icterus, according to the 
work of Ponder (149C1), who was unable to produce increased 
inhibitory power of the serum of rabbits to hemolysis by re- 
peated intravenous and subcutaneous injections of sodium 
taurocholate. This is in accord with Sellards (1741) and 
Bayer (117) but is not in agreement with Liidke (1140) and 
Buffer and Crendiropoulo (1648). 

The action of bile on the blood cells in vitro has been 
demonstrated, but the animal experiments are not yet suffi- 
dent to prove a definite action of bile on the cells in vivo. 
The protecting effect of the blood serum is, without doubt, 
great enough to prevent a considerable amount of bile salts 
from causing destruction of the red blood cells. The fact that 
hemoglobinuria is absent in jaundice furthers this belief. The 
continual presence, however, of bile in the blood over a period 
of time may cause a harmful result. 

Hemolytic sera were occasionally produced by repeated in- 
jections of bile. Buffer and Crendiropoulo observed hemo- 
lytic serum in two rabbits following injection of ox bile. 
Heat completely destroyed these hemolytic properties. He- 
mosodc powers of serum also have been produced by re- 
peated injections of bUe, but in the living animal these 
properties do not cause appreciable effects. 

The bile of sheep, man, rabbit, and horse was used in in- 
vestigations made by Buffer and Crendiropoulo. Ox gallblad- 
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der bile was removed with sterile pipettes. The red blood 
cells of sheep, man, guinea-pig, and rabbit were washed with 
physiologic salt solution. Bile ^ssolved, with unequal rapidi- 
ty, the corpuscles of animals of the same and other species. 
Fifteen drops of ox bile dissolved 2 drops of human or bovine 
blood cells in 5 minutes, but it required 18 hours to dissolve 
the rabbit’s cells. Temperature above 60® C. reduced the 
hemolytic properties of bile. Filtering with charcoal did not 
remove all hemolysins, indicating that they were not con- 
nected with the bile pigment. Hemolysins were soluble in al- 
cohol and water but insoluble in ether. Ether or chloroform 
extract of fresh bile had a marked inhibitive (protective) 
effect (hemosozic) on the hemolytic action of bile. 

FRAGILITY OF ERYTHROCYTES 

The normal fragility of the red cells varies considerably. 
The standard tests are for cells washed with salt solution. 
The cells may all be very fragile, all very resistant, or some 
very fragile and some very resistant. Since jaundice is de- 
pendent on the pigment in the ceil, it may be assumed that 
the more freely it is released, or the more hemolytic the 
serum, the greater the likelihood for the appearance of 
icterus. If bile salts in the blood stream cause destruction of 
the red cells, the weaker cells are destroyed first, leading the 
resistant cells in the circulating blood. Thus, in obstructive 
jaundice, increased resistance of the remaining red cells would 
be expected. Rusznik and Bardt found that, after partial 
hemolysis with bile salts, the upper boundary of hemolysis 
increases when tested with hypotonic salt solution; a chemi- 
cal influence by the bile salts on the osmotic resistance of the 
red cells causes this increase. The fragility of the red cells in 
jaunctice, tested with varying concentrations of salt solution, 
definitely decreases, according to Giffin and Sanford. This 
does not appear to be due to the actual change in the cell wall 
but is probably due to the previous destruction of the fragile 
cells, resulting in jaundice; the cells which survived the de- 
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structive process were being tested. Thus appears the para- 
doxical increase in the resistance of the red blood cells in 
jaundice. 

The osmotic resistance of the red cells in hemolytic jaun- 
dice is markedly decreased, as reported by Richards and 
Johnson. In obstructive jaundice the resistance of the eryth- 
rocytes is increased to hypotonic salt solution. In chronic 
acholuric jaundice the resistance of the red cells not separated 
from the plasma is markedly decreased; but, when separated 
from the plasma, it is more markedly decreased. The normal 
red cells in plasma and washed red cells have the same re- 
sistance. The resistance of the erythrocytes is increased by 
obstructive jaundice; and the degree of the resistance runs 
parallel to the bilirubin content of the blood, as determined 
by Nakajima and Kimura. 

If bile salts were to act as saponin on red cells, the general 
structure of the cell lipoids would be altered and all the cells 
would become more fra^e, owing to the weakened cell. 

Jaundice, however, may be of the dissociated type, there 
being a hemolytic agent other than the bile salts in the blood. 

The hemolysis be^ns in hypotonic salt solution at 0.46 per 
cent of sodium chloride solution and is complete at 0.36 per 
cent. These values vary somewhat but are recognized as a 
standard by Chauffard. The following figures for hemolysis 
were ^ven by Chabrol: 


Congenital icterus 0.36 complete o . 62 begins 


Familial icterus 

Chrome splenomegalic anemia of Hayem Varies considerably 

.66 

Before splenectomy, cholemia 

at times 

.68 

1:30,000 

0.50 

.78 

After splenectomy 

0.40 

.58 

To minium 

o.a8 

•44 

After crisis, cholemia 1:9,000 

0.40 

•58 

Icterus of new-born 


•5» 


Hemolytic syphilitic icterus o . 52-0 . 70 


It would be interesting to know the amount of bile salts in 
the blood in the foregoing experiment and to compare it with 
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the fragility. There are no known figures on this comparison. 
The blood bilirubin varies greatly. 

SEDIMENTATION 

In investigations on se<frmentation time, Rosenthal and 
Blowstein took red blood cells from 6o patients, using the 
Linzenmeier method of dtrated blood, and noted the time 
when the red blood cells reached the i8-mm. mark. The time 
for normal blood is 1 8o minutes. The normal sedimentation 
rate for man is from a to i8 mm. per hour; for woman, 3-29 
mm. per hour, which is 5-58 per cent per hour (Burke and 
Weir). In jaundiced cases the sedimentation time was 80 per 
cent less than normal. There was no relation to the degree or 
duration of jaundice or of bile obstruction. The majority of 
cases with jaundice had an increased sedimentation rate for 
red blood cells. Hypercholesterinemia (300 mg.) was associ- 
ated with an increased sedimentation rate. Many jaundiced 
cases showed marked variations. What underlying factors in- 
fluence the variations in the sedimentation time have not yet 
been determined. The sedimentation rate of red cells in vitro 
with bile salts did not correspond with the sedimentation rate 
in icteric plasma. Bilirubin has no effect on sedimentation in 
vitro (Johannes, Vorschutz, Katz, and Radt); bile salts have 
a marked effect; cholesterol hastens (Kurten), while lecithin 
'inhibits. 

OTHER. ROLES 

Sugars have an inhibitory action on hemolysis by sodium 
taurocholate, according to Ponder and Yeager, who suggest 
that the inhibitory effect is due to the increase in the resist- 
ance of the cell and also to the depression of the hemolytic 
effect of the bile salt. Sucrose is most active but does not 
antagonize the effect of bile on coagulation. 

A new role for bilirubin has been suggested by Verz£r and 
Zih. BiUrubm in doses of 0.5-3.0 mg. (and even 25 mg.), ^v- 
en with stomach tube to rabbits, causes an increase of 1,000,- 
000 erythrocytes. The hemoglobin is also increased. They 
likewise attribute this hematopoietic activity to biliverdin. 



122 


BILE AND THE BLOOD CELLS 


If it could be understood how bile throws red blood cells 
into solution, Bayer thinks rational therapy could be advised 
in cholemic conditions. 

r£sum£ 

Bile salts hemolyze erythrocytes in vitro, but the evidence 
is not sufficient to prove actual hemolysis in vivo in jaundice. 

LEUKOCYTES 

Bile has the same destructive effect on white blood cells as 
on other animal cells. Ameboid movements are inhibited, as 
observed under the microscope by von Dusch in 1854. The 
action of bile salts on the white blood cells is similar to the 
action on the red blood cells: first there is an increased fra- 
gility, then a complete destruction of the cells (Rywosch). 
Liver cells, however, are more resistant to bile salts than the 
white cells. Ciliated cells from a frog resist for 5-10 minutes 
a 3 per cent solution of sodium taurocholate. The solution of 
ameba and infusorians has also been observed. 

A variation in the differential count of the white blood 
cells following injection of ox bile intravenously into rabbits 
was found by Ruffer and Crendiropoulo. The eosinophiles 
are markedly decreased, likewise the lymphocytes. The neu- 
trophiles are proportionately increased, the large lympho- 
cytes are slightly increased, and myelocytes make their ap- 
pearance. The total white count is diminished, but later on 
it returns to conriderably above the normal. This high count 
lasts for several days, finally returning to normal. A leuko- 
cytosis in animals following administration of bile was ob- 
served by Leyden in 1866 and by Brown in 1875. Injection 
of bile into the peritoneal cavity causes the leukocytes in the 
blood stream to be greatly increased, with a preponderance 
of polymorphonuclear leukocytes. Subcutaneous injection of 
bile and bile acids in man and laboratory animals causes a 
strong leukocytosis similar to that found during digestion 
(Hari). Bile salts cause lysis of leukocytes in vitro; the addi- 
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tion of homoserum has a marked inhibiting effect (Bayer 
[129]). 

Bile exerts an early definite chemotactic effect on the white 
cells when injected into the tissues. This is most easily ob- 
served when bile is injected subcutaneously, causing large 
abscesses to develop. 

Leukocytes are dissolved by bile salts in vitro. They are 
not affected so rapidly or in such dilute concentrations as the 
red cells. 



CHAPTER XI 
BLEEDING IN JAUNDICE 

OCCURRENCE 

H emorrhage in jaundice has been frequently ob- 
served. It is seen in acute jaundice but more often 
in long-continued jaundice with marked pigmenta- 
tion. Huxham in 1739 wrote about hemorrhagic diathesis 
in jaundice, saying that it was not uncommon and that the 
bleeding could not be modified by treatment (108a). 

This hemorrhagic condition has also been observed by 
Budd, Bambeiger, and Leyden. Hemorrhage occurs from the 
mucous membranes more frequently; a cut or injury is often 
followed by bleeding. Budd surmised that the bile in the 
blood causes a continuation of the hemorrhage; and Leyden 
concluded that it is due to the bile acids, which cause the 
destruction of the middle coat of the arteries. 

Hemorrhage following operation has been observed clini- 
cally much more frequently in patients with jauncfrce caused 
by obstruction of the common bile duct than in those having 
other forms of jaundice. This becomes a very important cUni- 
cal condition for sxirgeons who operate on patients with 
jaundice. Accordii^ to Walters (2041), serious postoperative 
hemorrhage occurred in more than 50 per cent of the cases of 
obstructive jaundice coming to autopsy. In more than 70 per 
cent of the cases in which hemorrhage caused death in the 
presence of obstructive jaundice, the preoperative coagula- 
tion time of the blood was more than 9 minutes, accorcfrng to 
Walters. Postoperative bleeding caused 15 per cent of all the 
deaths following operation on the gallbladder and bile ducts; 
and of all the patients operated on, 1-2 per cent died of 
cholemic hemorrhage (Petr^nin 1925). A question exists as to 
the relationship of coagulability of the blood and hemorrhage. 

1S4 
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Hemorrhagic diathesis occurs in 40 per cent of the cases of 
icterus, 38 per cent of the cases of latent icterus, and 13 per 
cent of nonicteric cases. Obstruction of the common duct by 
malignant tximor with diminishing liver function furnishes 
the largest number of these cases, according to Soejima. 

Purpura and hemorrhage are frequently observed in jaun- 
dice. The purpura may cover almost the entire body, or there 
may be a few patches of capillary bleeding in the skin. 
Hemorrhage occurs from the nose, intestinal tract, or any 
mucous membrane. Following intravenous or intraperitoneal 
injection of bile, bloody stools may appear, and even red cells 
or hemoglobin may pass in the urine. At autopsy petechiae 
are frequently observed, and occasionally massive hemor- 
rhage in the gastric and intestinal mucosa, in the limgs and 
kidneys, and in the peritoneal cavity. The contact of the bile 
salts here, if made, is by way of the blood stream. Surgeons 
have observed a marked increase in the coagulation time of 
the blood and have hesitated to operate when the blood re- 
quires longer than 10 minutes to coagulate, because of the 
great mortality from hemorrhage. 

Hemorrhages occur spontaneously in obstructive jaundice. 
There is injury to the capillary endothelium , causing a solu- 
tion of the intercellular substance with small spontaneous ef- 
fusions of blood (Morawitz). Diapedesis and extravasation 
follow the action of bile on the walls of the blood capillaries. 
Johnson, Shionoya, and Rowntree found that the bleeding 
occurs sdmost entirely from the capillaries, and concluded 
that jaundice is a purpura. From the large volume of blood, 
it would seem that bleeding occurs, not from minute capil- 
laries entirely, but also from fair-sized blood vessels. 

Direct bleeding from the arterioles was observed in dogs 
following the injection of ox bile, causing injury to the vessel 
wall, according to Schmidt (170a). Intravenous injection of 
bile salts frequently causes bloody intestinal fluid. There is 
marked hyperemia of the submucosa. Rywosch (1659) ex- 
pl^ned tWs as a passive congestion due to heart failure, fol- 
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lowed by endothelial lysis of the blood vessels by the bile 
salts. 

Vasoconstriction was observed by R3fwosch following in- 
travenous injections of large doses of bile and bile salts. In 
small amounts, bile caused vasodilatation. These phenomena 
were observed when bile was applied either to the inside or 
the outside of the blood vessels. Samelson saw a vasocon- 
striction under the microscope when bile was applied locally. 
Pulmonary hemorrhages were thought by von Dusch to be 
due to tearing of the blood capillaries following intravenous 
injection of bile. 

Hemorrhage occurs in various locations following obstruc- 
tion of the common duct, as observed experimentally. The 
most common are along the gastrointestinal tract, in the 
submucosa or serosa. Following intravenous injection of bile 
and bile salts, petechiae are found at necropsy in the sub- 
mucosa of the gastrointestinal tract, in the serous membrane 
of the peritoneal, pleural, and pericardial cavities, through- 
out the lungs, kidneys, and meninges. The larger the quan- 
tity of bile injected, the more extensive is the hemorrhage 
and the greater the number of bleeding-points. Following in- 
traperitoneal and intrapleural injection of bile, massive 
hemorrhages occur in the mesentery, and smaller ones in the 
rest of the peritoneum and in the intestinal canal. At times 
there is a bloody diarrhea. Blood frequently appears in the 
vomitus and urine. Hemorrhages are rarely visible in the skin 
of the dog. 


COAGUtATION 

Since there is a marked tendency for hemorrhage in jaun- 
dice, the relation of icterus to the coagulation time and the ef- 
fect of bile on coagulation should be determined. The coagu- 
lability of the blood in 238 normal and jaundiced patients was 
investigated by Nygaard. The mean coagulation time in nor- 
mal persons was 3I minutes; most rapid, a minutes; and the 
slowest, 4I minutes. In 90 jaundiced patients the mean was 4 
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minutes; most rapid, minutes; and the slowest was greater 
than 9 minutes. In the deaths occurring from hemorrhage in 
jaundiced patients, the coagulation time was greater than 4 
minutes. Some of the jaundiced patients, however, had hem- 
orrhage with a coagulation time of 3 minutes. The increase 
in coagulation time seemed to predispose to the tendency to 
bleed and to fatal hemorrhage. Various conditions, such as 
the time of day and the taking of food, may affect the coagu- 
lation time of the blood. 

In vitro the coagulation time is increased by 0.5 per cent 
bile acids. It is doubled when from 0.5 to i.o per cent are 
added to the blood. When a greater amount of bile acids is 
added, the coagulation is inhibited (Morawitz and Bierich). 

The optimum for coagulation with sodium taurocholate 
and sodium glycocholate is i : 500, and the time is less than 
normal (Rywosch, 1659). Concentration of these bile salts of 
1 : 250 abolishes coagulation. Samson-Himmelstjerna found 
sodium glycocholate to be more active in inhibiting coagula- 
tion than sodium taurocholate, but R3rwosch found the re- 
verse. Schmidt (170a) found that i part of bile to 20 parts of 
blood causes definite inhibition of coagulation. After inhibi- 
tion has once started, it does not depend quantitatively on 
more bile. Bile salts give the same result as bile, that is, 0.25 
per cent inhibits blood coagulation and i per cent prevents 
coagulation for i hour; both cause hemolysis. Petr^n (1462) 
found that 0.2 per cent inhibits coagulation in vitro, but 
Melchior (1258) pointed out that the highest bile-acid con- 
tent of the blood in icterus is under 0.05 per cent. 

If the cause of the diminution of coagulation of the blood 
is not directly due to the cholate portion, then it is possible 
that the intensity or duration of the icterus causes damage 
to the blood or to the blood vessels. The delay in coagulation 
roughly parallels the degree of jaundice, and that parallels 
the duration of obstruction. In jaundice of the new-born 
there is very little, if any, tendency to bleed. 

The lowest level of bile adds necessary to produce a 
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minimal effect on the coagulation in vitro is 0.25 per cent, 
according to Morawitz and Bierich, or between 0.17 and 0.22 
per cent, according to Petr6n. The highest level yet found 
was 80 mg. per cent in a necropsy specimen (Johnson, 
Shinoya, and Rowntree). Fatal hemorrhage was observed, in 
a patient with nonobstructive jaundice with a Pettenkofer 
value between 20 and 26. This amount of bile acids, even in 
vitro, has very little effect (Rowntree, Greene, and Aldrich). 

In the study, by Johnson and Rowntree, of extracorporeal 
thrombosis in rabbits there was an increase in coagulation 
time of from 3 to 1 5 minutes, following the continuous in- 
travenous injection of 600-^00 mg. of bile salts in solution. 
The normal coagulation time of rabbit’s blood is 6-10 min- 
utes. In jaundice caused by ligation of the common duct 
after 3-5 days the coagulation time was increased to 10-15 
minutes; the thrombi were white and poor in fibrin content. 
Coagulation time may be increased by bile salts to 3-4 hours. 
The indirect role of bile adds in the production of delayed 
coagulation time and cholemic bleeding has not yet been dis- 
proved, neither has it been definitely proved that bile acids 
of themselves actually cause this increased bleeding. In a 
case with jaundice of 3 weeks’ duration, there was an increase 
in the coagulation time. TWs was attributed to the inhibition 
of the formation of thrombin. The blood caldum content and 
fibrinogen content quantitatively were normal. 

It is well known that emboli and thrombosis frequently 
occur when bile is rapidly injected intravenously. The re- 
verse action is caused by a strong alkali, with destruction of 
some of the blood elements and immediate coagulation. Just 
what mechanism is involved is not clear. 

There is seldom any risk of postoperative bleeding in 
icterus until the disease has persisted for 3 or 4 weeks. 
Hemorrhage diathesis can persist after lugh-grade icterus of 
long standing, even when this has begun to subride or is near 
disappearing. In vitro addition of bile salts to blood, 0.2 per 
cent bile salts, slows coagulation time; 0.6 per cent entirely 
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inhibits coagulation of normal blood (Petr^n [1463]). Since 
there is such a discrepancy in the amount of bile salts neces- 
sary to affect the coagulation in vitro and the amount of bile 
salts found in the blood in severe icterus, Petr^n concluded 
that the bile adds have nothing to do vdth the hemorrhagic 
diathesis in jaundice. 

The method of calculation of bile adds in the blood has so 
many possible sources of error that it is doubtful whether an 
exact statement can be made concerning the relation of bile 
to coagulation. Up to the present time, tests sufficiently sen- 
sitive to determine slight changes in cholic acid in the blood 
have not been discovered. Frequently the statement appears 
that the bile acids in the blood are normal. The sources of 
error are so many and so great that this statement is only 
roughly true. Provost and Binet found that bile salts 20-26 
mg. in the blood stream have a very slight effect on blood 
coagulation. Minkowski and Naunyn have found bile adds 
in the blood and the tissues in partial extirpation of the liver 
in birds; but if the extirpation is total, none accumulate. 
Partial extirpation would then be similar to clinical jaundice. 

Investigation of the other constituents of bile have re- 
vealed no coagulation-inhibitory substance (Morawitz and 
Bierich). 

Either the bile adds do not cause the increased coagulation 
time or the blood may contain some substance or substances 
which neutralize the toxic action of bile. A decrease of these 
constituents would thereby result in a delay in the coagula^ 
tion time of the blood. If the bile acts on these antagonizers, 
Tashiro and Lee believe a much smaller quantity of bile salts 
would be necessary to produce the t5q)ical delayed coagular- 
tion in jaundice. This is an excellent lead for further investi- 
gation. 

FIBRIKTOGEir 

In obstructive jaundice in dogs. Moss (1321) determined 
the coagulation time and fibrinogen* content of the blood. 

*The normal blood fibrin content in men is 170-340 mg. per ico cc. of blood; 
for women, 280-360 (Burke in 1933)- 
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The fibrinogen content of the blood plasma increased imme- 
diately following operation. The degree of obstructive jaun- 
dice was measured by the pigment content of the blood 
(icterus index). The fibrinogen content of the blood remained 
high, somewhat paralleling the icterus index while the coagu- 
lation time diminished. The fluctuation in coagulation time 
was parallel with the degree of icterus, but the coagulation 
time did not parallel the fibrinogen content of the plasma. 

It is doubtfiil if the icterus index is a satisfactory method 
of determining the changes in the blood. The determination 
of the bile salt content of the blood would have been most 
interesting in these cases. 

Morawitz thought that when the fibrin content of the 
blood is normal but the thrombokinase deficient, the delay 
in coagulation time might be attributable to delayed forma- 
tion of fibrin enzyme. 

Bile salts interfere with the conversion of fibrinogen into 
fibrin, delaying or inhibiting the coagulation of the blood, 
according to Haessler and Stebbins. Bile salts also hinder the 
action of fibrin ferment, but the addition of calcium salts may 
paralyze this inhibitory action. Bile salts may prevent the 
formation of this ferment. Diluting the plasma-bile mixture 
may cause the slow formation of a clot. Schmidt (170a) con- 
cluded that the bile salts, even though present principally as 
neutral salts in the separating concentrations, have the power 
to inhibit the action of fibrin ferment and thus produce the 
bleeding of jaundice. 

Blood fibrin in postoperative cases shows a sharp rise, then 
a gradual return to normal, and after several days maintains 
a high normal. Coagulation time and fibrin content of the 
blood have no direct relation to each other in jaundice, ac- 
cording to Foster and Whipple (6az). 

CALCIUM 

A considerable amount of evidence has accumulated which 
shows that there is no defidency in the amount of diflfusible 
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calcium or of any other kind of calcium in jaundice (Gunther 
and Greenberg). No direct proof has established the idea 
that the calcium in the blood of jaundiced patients is de- 
ficient. The injection of calcium into the blood stream only 
temporarily increases the blood calcium, sometimes modi- 
fying the coagulation time of the blood. The intravenous in- 
jection of glucose has the same effect on the coagulation time. 

In obstructive jaundice with hemorrhage the coagulation 
time is delayed 8-15 minutes. The coagulation of venous 
blood is greatly retarded in obstructive jaundice. The total 
calcium in the blood serum does not vary from the normal 
following jaundice, as reported by Lee and White, who found 
the coagulation time in jaundice greatly prolonged. The 
calcium time in jaundice is also greatly prolonged in animals 
and remains so until death. 

In a dog with obstructive jaundice, Snell, Greene, and 
Rowntree found the coagulation time to be 8-12 minutes. 
The normal for a dog is 4-7 minutes. The total calcium of the 
serum was normal. There was a parallelism between the re- 
tention of bile and the prolongation of the coagulation time. 

The lethal dose of intravenous calcium in normal dogs is 
287 mg. per kilogram of body weight; but in jaundiced dogs, 
469 mg. (Bowler and Walters). The blood calcium in normal 
dogs is 10.3 mg. before and42.9 mg. after injection;injaundiced 
dogs, 10.9 before and 38.7 after. Almost twice as much cal- 
cium is required for a lethal dose in the jaun(ficed dog as in 
the normal. The blood-serum calcium at the time of death 
is less in the jaundiced than in the normal dog. 

What happens to the excess calcium injected into the jaun- 
(ficed dog is mere conjecture. 

The addition of calcium to jaundiced blood cannot restore 
the blood to its ori^nal coagulability (1894). 

PLATELETS 

Since platelets are intimately associated with blood coagu- 
lation, changes in their appearance under the microscope or 
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diminution in their count is easily observed. In severe jaun- 
dice the platelets are frequently very large and irregular in 
outline, as seen when stained by cresyl blue, followed by 
Wright’s stain. The platelet count was definitely decreased 
in some clinical cases with jaundice that have been under the 
writer's observation. There are very few references in the 
literature to such alterations. Dill, however, found no change 
in the platelets in 6 rabbits with ligation of the common duct 
for 14-33 days. 

PROTHROMBIir 

A new factor was found by Howell and Holt in 1918 in the 
coagulation of blood in jaundice. They assigned the term pro- 
antithrombin to this defective factor in jaundice with liver 
destruction. Then Nygaard in 1932 reported a deficiency of 
prothrombin in the plasma of patients with obstructive jaun- 
dice. This observation was confirmed by Quick, Stanley- 
Brown, and Bancroft, in 1935. They extended the work and 
found the coagulation time was still greatly prolonged, even 
though they added in excess to jaundiced plasma either 
thromboplastin, or calcium, or both. Then the only other 
variable was prothrombin, which they found was decreased 
in the blood of jaundiced patients. The oii^n of prothrombin 
is uncertain, but evidence is offered by Quick in 1937 and by 
Dam that it is related to vitamin K or to avitaminosis. 

DISTURBED LIVER FUNCTION 

Disturbed liver function has appeared to be the cause of 
cholemic bleeding through the process of elimination. Be- 
cause Rohrig in 1863, Ranke in 1871, and Feltz and Ritter in 
1872 failed to find bile salts in the blood in sufficient quan- 
tities, they concluded that bleeding is due to disturbed liver 
function. Quincke (1525) thought that the bleeding in jaun- 
dice is due to hepatic intoxication. Quincke and Hoppe-Sey- 
ler (1526) pointed out that bleeding in jaundice is not due to 
overloading of the blood with bile acids but is probably due 
to disturbed liver function by some unknown toxic product. 
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Cholemic bleeding, hemorrhage diathesis, was attributed 
by Mora’ssdtz and Bierich to liver destruction or liver altera- 
tion, since in these conditions they found blood-vessel dam- 
age. The intensity of pigmentation of the blood serum was 
not an index to the coagulation time. Hirudin and fibrin fer- 
ment acted quantitatively; bile did not seem to do so. This 
view was further supported by the clinical and experimental 
work of Soejima. 

The cholemic tendency to bleed is due not to the abnormal 
enrichment of the bile acids in the blood but to the effect of a 
strong functional disturbance of the liver itself, according to 
Melchior’s clinical observations (1158). The coagulation of 
the blood is accelerated by treatment with abundant calcium 
and gelatin preparations, or the like. 

The normal fibrinogen content of the blood of dogs varies 
from 61 to 2,50 mg. per 100 cc. (Wohlgemuth); after extirpa- 
tion of the liver the fibrinogen content varies from 15.5 to 
250. The fibrin ferment varies from 62.5 to 250 (normal 
125-250); after extirpation of the liver the variation is from 
7.75 to 62.5. The coagulation of the blood with the lowest 
fibrin-ferment content is considerably delayed. A definite 
diminution of the fibrinogen and fibrin-ferment content of 
the blood follows extirpation of the liver; and, where there is 
a great diminution, the delay in coagulation is prolonged. 
Cholemic bleeding is due, as a part of this syndrome, not to 
the icterus but to deep-seated liver damage. It is not in pro- 
portion to the degree of jaundice coloring but to the amount 
of liver damage which causes an altering of the fibrin ferment, 
hence a “pseudo-hemophilia hepatica.” 

The absorption and retention of a large quantity of bile 
salts by the liver itself, according to Petr^n (1462), causes 
functional changes in the liver, which result in a prolongation 
of the coagulation time. The bile salts themselves cannot be 
held directly responsible. Liver poisons, such as chloroform, 
phosphorus, and hydrazine, in small doses, are stimulating 
and increase the fibrin values. If there is a sufficient injury 
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of the liver parenchyma by large doses, the fibrin values de- 
crease, accor<Hng to Foster and Whipple (622 ) ; and they con- 
cluded that any damage to the liver parenchyma produces a 
fall in fibrin content and a diminution in the coagulability of 
the blood, with tendency to hemorrhage. Not only the action 
of bile, and particularly the bile salts, but also the pathology 
underlying the jaundice itself, may play a direct role in 
hemorrhage (Rywosch). Bile does not check coagulation be- 
cause of its antithrombic action, and has no effect on fibrin- 
ogen or calcium; but bile acids, o.i per cent, in the blood do 
check coagulation. Cholemic hemorrhagic diathesis is not 
caused by icterus but by the functional disturbances in the 
liver (Soejima). 

Since fat necrosis usually precedes and is associated with 
hemorrhagic necrosis. Bunting and Brown pointed out that 
there may be a combination of bile and lipase in the fat cells, 
causing the hemorrhagic condition. 

The fibrinogen content of the blood is markedly diminished 
following injury to the liver, as found experimentally by 
Whipple. The liver probably plays additional roles in regard 
to coagulation of the blood, and particularly with a diminu- 
tion in the coagulation of the blood in jaundice. 

The intensity of the icterus does not seem to have any 
relationship to the bleeding, but jaundice of long duration 
appears to be more likely to bleed. The tendency to hem- 
orrhage may be in proportion to the amount of liver destruc- 
tion rather than to the degree of jaundice. Mann and 
Magath found, in dogs with complete hepatectomy living 
longer than ii hours, a delayed coagulation of the blood. 

TREATMENT 

A case of mechanical obstruction of the common duct of 
3i years’ duration was reported by Wangensteen (2051). The 
blood-coagulation time was 29 minutes; the calcium time, 23 
minutes; the prothrombin time was negative after 14 hours; 
the serum-caldum was 8.67 mg. per 100 cc. Following ad- 
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ministration of calcium carbonate by mouth and calcium 
chloride intravenously, the coagulation time was i li minutes 
and the calcium time 9I minutes. A hypodermic injection of 
1.5 cc. of a thromboplastic preparation was given. Sixteen 
hours later the clotting time was 9§ minutes; calcium time, 
6§ minutes; and prothrombin time, 23 minutes. Intravenous 
whole-blood transfusion was gjven, and the coagulation time 
was 8| minutes; calcium time, 8 minutes. 

Few instances do occur in man in which the coagulation of 
the blood is not modified by calcium chloride administered 
intravenously. Glucose ^ven intravenously or whole-blood 
transfusion farther improves the coagulation. Caldum does 
not restore the blood to its original coagulability (Tashiro 
and Lee). Calcium chloride is not a true detoxifying agent, 
but it does cause diminution in the coagulation time. The 
mechanism of the action of the calcium and chloride has 
yet to be determined; but, since its use does actually cause a 
diminution in the coagulation time in patients, it cannot be 
discarded. 

Glycerol neutralizes the anticoagulation property of sodi- 
um taurocholate. The amount of glycerol required is very 
great (Tashiro and Lee). Intravenous injection of glucose 
certainly modifies the coagulation. Galactose, 40 gm. with 
one-half lemon, in water, ^ven by mouth, decreases the 
coagulability of the blood within 1 hours (Nygaard). Choles- 
terol shortens the coagulation time where the bile salt con- 
centration is very small (Tashiro and Mills). Glucose is a 
good antagonizer of sodium taurocholate in blood coagula- 
tion (Kobes). 

An interesting fact that many investigators have omitted 
to note is that the tendency to bleed does not occur early in 
jaundice. This tendency to bleed is first noticed 2 or 3 weeks 
after the onset of jaundice; and, after it has continued for 
several weeks, the probability of hemorrhage is greatly in- 
creased. Even after the jaundice has diminished, this tend- 
ency to bleed persists for some time. As shown by Mann and 
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his co-workers in obstructive jaundice, the increase of bile 
salts in the blood stream appears very early; and after a or 3 
weeks, even though the obstructive jaundice is complete and 
continues, the bile salts in the blood stream decline to nor- 
mal, and after 4 weeks remain at practically the original 
normal level. It is about this time that the tendency to bleed 
begins, and it continues until it reaches its maximum several 
weeks after the onset of jaundice. The subject of liver dam- 
age in relation to blood coagulation in jaundice is very com- 
plex. 

The method of preventing hemorrhage and at the same 
time decreasing the coagulation time has been shown experi- 
mentally and clinically to be accomplished by intravenous 
caldum, intravenous glucose, and blood transfusions. The 
chemical mechanism of calcium and glucose in preventing 
hemorrhage has not been determined. 

Undoubtedly, there is a change in the coagulability of the 
blood in jaundice. The relationship between coagulability of 
the blood and hemorrhage shows a marked variance on a 
number of points. There is no definite relation between hem- 
orrhage in jaundice and fibrinogen, calcium, phosphorus, and 
coagulation time. There is a prothrombin deficiency. The 
exact cause of hemorrhage in jaundice has not yet been de- 
termined. 
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GENERAL EFFECT 

T he frequency of occurrence of abnormal mental 
symptoms in jaundice led to the inference, even in 
the time of Hippocrates and Galen, that bile had a 
definite effect on the activities of the brain. To black bile, 
various symptoms assodated with melancholia were attrib- 
uted. Hippocrates* assodated malignant jaundice with de- 
lirium and convulsions. All the mental symptoms which ap- 
peared in persons hadng jaundice were attributed (Erectly to 
bile. Certainly many of these symptoms must have been 
caused by other types of intorication, as jaundice is only one 
symptom of a series of processes that are going on. 

Catalepsy has been reproduced by Baruk and Camus in 
the pigeon, cat, mouse, and guinea-pig by subcutaneous in- 
jections of neurotrophic bile removed by duodenal tube from 
a patient with the foregoing nervous disturbance. Somno- 
lence, stupor, hyperkinesis, paralysis, biliary anxiety, and 
melancholia follow the injection of the appropriate bile. 
Baruk and Camus were unable to reproduce the symptoms 
by beef and pork bile cholesterol, bile pigments, and bile 
salts; so they suggest the possibility that poisons in the bile 
cause these symptoms. 

Convulsions, tetanus, and death of rabbits following intra- 
jugular injections of filtered bile, sodium glycocholate, and 
sodium taurocholate were observed by von Dusch in 1854. 

* In Ad Demoeritum philos epist: ex pituita insaniunt quiet! sunt, qui 

Vero ex bile hi verberant, malefic! sunt, neque quiescunt.” 

In Bg morbo sacro: “Qui ex bile insaniunt clamosi, mafigni et mimme quied 
sunt, semper afiquid intempestiven fadunt/’ 

“Bilis ut plurimum hominum insaniae causa” (Saa, 32799)* 

“Bills ad caput recurrens delirii causa” (Galen [656, 152741 » 598]) 
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The several symptoms in jaundice were not definitely proved 
to be the result of bile salts, and he concluded that the cere- 
bral symptoms of icterus occurred only when bile acids or 
their products appeared in the blood stream with bile pig- 
ments. At autopsy he found hemorrhages in the lungs, and 
the right side of the heart filled with a blood clot. He failed 
to recognize that the cause of death was thrombosis of the 
pulmonary artery, and attributed death to the effect of bile 
on the cerebrum. 

The effect of bile on the nervous system in diseases of the 
liver has been extensively discussed; nevertheless, there had 
been no experimental evidence until the work of Bouisson, 
1841. The discovery of bile acids by Strecker in 1848 was 
followed with work by a number of investigators : von Dusch, 
1854; Kiihne, 1859; Frerichs, i860; Albers, i86a; Rohrig, 
1863; Ranke, 1864; and Leyden, 1866. 

Nervous symptoms were observed by Bouisson following 
the intravenous injection of bile, but Frerichs found no re- 
markable derangements of the nervous or other functions 
following injection with filtered bile. The injection into a frog 
of 20 cc. of a 0.5 per cent solution of sodium glycocholate 
caused general diminution of sensibility in 20 minutes and 
a complete loss of sensibility in i hour (Ranke). Leyden rare- 
ly observed convulsions following intrajugular injections of 
i cc. of a 10 per cent solution of sodium glycocholate. Bile 
salts first caused poisoning of the blood; then the central 
nervous system was affected as animals gradually lost their 
sensibility. The reflexes also were decreased, but stimulation 
of the motor nerve yet called forth action. Bouchard injected 
a mixture of bile and water, 4-6 cc. per kilogram, intra- 
venously into rabbits. The addition of water prevented the 
formation of mucous emboli; nevertheless, convulsions and 
death resulted. When bile was filtered with animal charcoal, 
it lost two-thirds of the toxicity. 

Convulsions, or coma and death, frequently follow cerebral 
emboli of any sort. Convulsions occur in uremia, eclampsia. 
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and in anuria, and cannot be considered as pathognomonic of 
the action of any one particular substance. Bouchard said 
that jaundiced persons are not affected by bile but by cellular 
destruction products, and that therefore the nervous system 
is secondarily affected. As e-^ddence he offered the statement 
that the urine from a jaundiced person is very toxic and causes 
convulsions but never causes necrosis, showing that the poison 
is derived from cellular destruction. 

EFFECT OF BILE ON THE BRAIN 

A peculiar method of testing the effects of bile on the brain 
was used by Bickel (17a), Biedl and Kraus (177), and Bruno 
(2,91). Bickel observed convulsions following subdural appli- 
cations of bile and concluded that bile irritates the brain. 
Similarly, Biedl and Kraus (177) observed convulsions fol- 
lowing subdural injections of bile. Bile and bile salts were 
injected through trephined holes in the subdural spaces of 
rabbits, mice, guinea-pigs, dogs, and frogs. The quantity 
used varied from a few drops to 1-2 cc. of dilute bile. One 
cubic centimeter of bile killed a rabbit in 24 hours. First 
muscle stiffness appeared in the neck and back; then con- 
vulsive movements spread over the entire body, as evidence 
of the poisoning. Other previously observed symptoms of bile 
toxicity appeared also, such as bradycardia and dyspnea. 
Controls — such as water, salt solution, morphine, atropine, 
blood serum, and urine — were injected without any toxic 
symptoms. Strong acids and alkalies, when injected sub- 
durally, caused convulsions and early death. Strongly jaun- 
diced urine caused the same symptoms of toxicity. Bile salts 
dissolved in normal urine caused similar symptoms, but bili- 
rubin crystals and bilirubin dissolved in alkaline solution 
were entirely harmless. Sodium cholate {Natrium choleini- 
cum of the German pharmacopoeia), sodium taurocholate 
(Merck*), and sodium glycocholate (Merck*) were used, and 
the toxic symptoms of the action of bile on the brain were 

* Chemical manufacturer. 
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observed. Recently Coquelet applied bile to the surface of 
the brain or injected it into the arachnoid and observed con- 
vulsions, prostration, and death. Lichtman injected bile by 
way of intraspinal and cisternal punctures and found that 
even minute doses are tosdc and that the medullary centers 
in the cat are very sensitive to bile salts. 

Injections of bile into the carotid artery produce toxic 
symptoms similar to those caused by subdural injections of 
bile (Lowit). Biedl and Kraus even suggested that, since this 
method is so sensitive for bile, it may be used for testing 
quantitatively for bile salts in the urine. This work was re- 
peated by Bruno, who observed convulsions following sub- 
dural injection of a comparatively harmless substance, such 
as methylene blue, intravenous injections of which are prac- 
tically inert. The same results were obtained by subdural 
injections of morplune. 

A depressant action on the brain was observed by Macht 
(1154), following injection of bile salts into rats, as shown by 
the maze-running tests. He used 0.5 mg. per 100 gm. of rat. 

Central paralysis, convulsions, tetanus, and coma follow 
injections of bile into frogs. The method of Meltzer and 
S^ant (12.66), however, was an indirect one; they sensitized 
frogs with strychnine, using a subminimal dose, and then in- 
jected 3 cc. of ox bile or a,.o-3.o cc. of rabbit bile. The bile of 
some animals predominantly caused coma, while that of 
others mainly caused tetanus. The heating of the bile re- 
duced the paralyzing effect and increased the tetanic ele- 
ment. Bile from nephrectomized rabbits had a greater 
tetanic element than bile from the normal rabbit. In an ani- 
mal completely paralyzed by bile, electrical stimulation of the 
cord had no effect, but stimulation of the sciatic nerve caused 
active contractions. Stimulation of the peripheral end of the 
cut vagus, after intravenous injection of bile, caused a fall in 
the blood pressxire, showing increased irritability. Injection 
of a lethal dose did not completely inlubit the response of the 
vagus to stimuli so long as the heart was beating perceptibly. 
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but finally it caused a standstill of the heart. Vagus inhibi- 
tion lasted as long as the heart beat. Stimulation of the vagus 
nerve in an atropinized animal which had been injected in- 
travenously with bile still affected the heart. The entire tox- 
icity was not in the bile salts, according to Meltzer and 
Salant, because they found the tetanic element was less in 
bile salts than in whole bile, but added, “We still do not wish 
to draw final conclusions from our series of experiments with 
bile salts.” 


THE EFFECT OF BILE ON NERVES 

Bile or sodium glycocholate, 1-2 per cent solutions, ap- 
plied to nerves causes stimulation, accor<fing to Kuhne 
(1035), 1859. Rohrig (1604) found that bile given intrave- 
nously to rabbits has an effect even after the va^ are cut. 
This action was attributed to the laking of the red blood cells, 
causing defective nutrition, thus weakening the myocardium. 
He concluded that bile does not affect the vagi or the brain. 
Bile acts on the nervous system as a stimulator or inlubitor, 
according to the concentration of the bile salts used (Glur). 

Frogs were injected by Ranke (1538) in 1864 with 20 cc. of 
a 0.5 per cent solution of sodium glycocholate. After i hour, 
stimulation of the cord caused only weak convulsions; 20 
minutes after the injection the reflexes were gone; therefore 
the ganglion apparatus was affected. He concluded that the 
eflFect was primarily on the nervous tissue. Leyden, following 
the injection of bile acids in frogs, stimulated the peripheral 
end of the sciatic nerve and observed strong reflexes. Stimu- 
lation of the central end caused scarcely any movement on 
the opposite side. The action was on the central nervous sys- 
tem rather than on the nerve muscle. 

The activity of bile on the peripheral nerve was tested by 
Rywosch (1658) by using the sciatic nerve of the frog, with 
the muscle in salt solution. The bile-acid salt solution in 
strong concentration plainly affected the conductivity of the 
nerve in the nerve-muscle preparation. In sparing concentra- 
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tions of bile salts the conductivity was also affected. He con- 
cluded that there is a chemical action of the bile salts on the 
axis cylinder; that bile affects the motor nerve ending; and 
that all bile acids affect the nerves but that taurin and 
glycocoll do not. 

The action of bile and bile salts is similar to that of 
curare poisoning; they retard muscle chronaxia while the 
nerve chronasda remains unchanged, according to Lyon- 
Caen (i 151). The methods used by Lyon-Caen were those of 
Lapicque for measuring the modification for the chronaxia 
of nerve and muscle when acted on by toxic substances. Bile 
salts act as very rapid poisons. In vitro experiments were 
done with the gastrocnemius muscle-nerve preparation. In 
vivo experiments were done by injecting a limb which had 
been ligatured at the base to prevent circulation of the bile 
salts. 

The action of bile salts on the neuromuscular function and 
reflex centers of the cord has been studied by Ries and Still 
(1576). They gave dogs, rabbits, and cats, under barbital 
anesthesia, intravenous injections of sodium cholate and so- 
dium dehydrocholate. The conduction through the nerve fi- 
bers was not affected by the bile salts; and the irritability of 
the vagal endings was increased by small doses of bile salts 
while large doses produced a block. 

The direct application of 5 per cent sodium glycocholate to 
the peripheral nerves of a dog acts as a local anesthetic, but 
later it acts as an electrical stimulus, causing muscle contrac- 
tion (Coquelet). The conductibility of the nerve is dimin- 
ished (Manta). Weak bile raises the excitability, and strong 
bile inhibits it (Perichanjanz). 

Intravenous bile causes a decrease of creatinine in the 
urine of rabbits, and poisoning of the sjrmpathetic nervous 
system causes an added decrease; thus Taku concluded that 
the action of bile is not peripheral but central. 

Bile causes an increase in glycogen formation in the liver 
(Maki), a decrease of the glycemia, lowers the respiratory 
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quotient, depresses the metabolic rate (Hatakeyama), alters 
the electrolytic quantity in the tissues and organs, and 
changes the ion concentration in the blood (Zondek) ; there- 
fore it acts through the sympathetic nervous system. But 
with large doses the vegetative nervous system is poisoned; 
then the bile acids act on the central nervous system. 

The theories advanced by various investigators in their 
attempt to explain the occurrence of nervous symptoms in 
jaundice may be summed up as follows: 

I . Bile salts circulating in the blood (Leyden) (intravenous injections of 
bile salts will not reproduce the nervous symptoms) 

1. Failure of the liver to detoxify the blood normally 
d) Uremia (Rokitansky) 
d) Cholesterolemia (Flint) 

3. Decomposition of the liver with absorption (Budd) 

4. Hemorrhages of the meninges (Monneret) 

5. The poison which causes jaundice may also injure the brmn 

Objections may be found to each of these theories. A com- 
bination of any or all of these may cause the symptoms. 

Dilatation of the pupils is very often the first indication of 
the appearance of the nervous phenomena (io8a, p. 443). 
Headache, restlessness, excitation, and later collapse, con- 
vulsions, coma, delirium, and even mania may occur. Drow- 
siness is frequent. Early in jaundice an increased sensibility 
of the skin occurs, while late in jaundice there is a decreased 
sensibility. 

In simple jaundice the nervous symptoms may last for only 
a few hours or for a few days. In the majority of cases they 
last no longer than 48 hours. A depressed condition is com- 
mon late in jaundice. Mental slug^shness, drowsiness, stu- 
por, and coma occur. These symptoms probably are not due 
to bile salts but to the general toxic condition of the patient. 
Metabolic cfisorders from nonfunctioning or malfunctioning 
liver are present. It is difficult to prove the direct toxic action 
of bile here. Nervousness may be present early and may be due 
to an excess of bile salts in the system. But severe symptoms 
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which occur late in the disease with jaundice, such as de- 
lirium and mania, can hardly be attributed to the toxic action 
of bile per se. Here, again, too many other conditions must be 
considered. Jaundice is frequently accompanied by cancer, 
and in jaundice of long standing there is always great 
malnutrition. 

SEDATIVE ACTION OF BILE 

The irritative activity of bile and bile salts is the more 
noticeable as a result of actual physical motion following in- 
jection of bile salts. In jaundice the nervous excitement has 
been ascribed to bile. These preliminary symptoms are fol- 
lowed, sooner or later, by a general depression. In some cases 
the stage of excitement does not appear; there is a gradually 
increasing languor from the beginning, or even just prior to 
the onset, of jaundice. Melancholia and depression have been 
observed in jaundice ever since the days of Hippocrates. 

Recently Hench (796) has reported 12, cases with various 
kinds of arthritic pains which subsided with the appearance 
of jaundice. The mechanism involved is not understood; the 
action of various bile constituents, the eflFect of hepatitis, and 
many other possibilities must be investigated. 

Jaundice has been widely observed following the adminis- 
tration of cinchophen for the relief of pain in arthritis and 
kindred conditions. Frequently, however, the blood serum 
and urine became icteric. This was generally considered an 
inconvenient complication; but when cinchophen was dis- 
continued with the appearance of the first sign of jaundice, 
the outcome was generally favorable and the rheumatic pain 
subsided. 

The effect of bile acids on vague arthritic and similar pains 
has been investigated recently, but it has been thought ad- 
visable to make no published reports until more data are 
available. Speculation is not warranted on the meager infor- 
mation available at this time. Indiscriminate, promiscuous, 
and careless use of toxic bile salts may be very detrimental, if 
not fatal. This is a new field for clinical investigation. 



CHAPTER XIII 


ACTION OF BILE ON THE HEART AND 
BLOOD PRESSURE 

ACTION OF BILE ON THE HEART 

B radycardia in jaundice is well known. Clinical 
I observations have been made frequently of a slovdng 
of the pulse even to ao or 30 beats per minute. A 
diminution of the heart rate to ai beats per minute in a 
severe case of icterus was reported by Frerichs before 1863. 
The early observers naturally attributed the slow heart to 
the jaundiced condition, and particularly to bile after the 
early experiments had shown bile and some bile constituents 
to be poisonous. They found that the pulse frequency grad- 
ually diminished with the deepening of jaundice, usually after 
the first 3 weeks, and then, with the clearing of the jaundice, 
the pulse frequency gradually increased to normal. In 1863 
Landois (1061) and Rohrig (1604) reported the observations 
of the slowing of the pulse clinically. From then on, such 
reports were frequently made. In his work published in 190a, 
MacKenzie (1158), the famous heart specialist, said that he 
had never observed bradycardia in icterus. Clinically in 
hemolytic jaundice, a conation with pigment in the blood 
but no bile acids, bradycardia is never found, according to 
Chabrol (337, p. 109). Espedally in feverless icterus, which 
is severe, a slow pulse rate is found (Traube). He dted one 
case in which the pulse rate was 44 beats per minute while 
sitting still and increased to 76 when walking about the 
room. He observed, after bile injection, a dicrotic pulse. 
When this pulse is observed on the sick bed, death is pre- 
dicted within 36 hours. In the isolated mammal’s heart the 
pulsation is definitely slowed by bile. Bradycardia is the 
rule in the course of icterus of hepatic origin, according to 
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Bouillaud (337, cited) in 1864. Tachycardia is more prevalent 
than bradycardia clinically, according to Greene and Aldrich. 

The experimental work began in 185a with Budge (300), 
who was the first to describe the action of bile on muscle. 
Bile brought directly into contact with the heart muscle 
caused the heart to come to a standstill. This was followed 
by the work of many investigators, who attempted to deter- 
mine which constituent of bile was responsible for the cessa- 
tion of the heart action, namely, von Dusch, 1854; Frerichs, 
1856; Stadeler, 1856; Kiihne, 1858; Neukomm, i860; Albers, 
1862,; Hoppe, 1 86a; Rohrig, 1863; Landois, 1863; Traube, 
1864; and Naunyn, 1868. The last observed a slowing of the 
pulse in a small dog which had been fed 1 gm. of sodium 
choleiate in sausage. 


BU.E CONSTITUENTS 

Various bile constituents have been investigated to deter- 
mine which are toxic to the heart. 

Bilirubin . — ^The early records of the action of bilirubin on 
the heart have little scientific value, since the experiments 
were performed with a pigment of great impurity or with a 
pigment whose identity had not been established. The pro- 
cedure in many of the experiments was first to determine the 
action of whole bile on the heart; then to remove bilirubin 
from the bile by chemical or mechanical means; and finally 
to use the depigmented bile on the heart. The manifest 
error in such work was that other bile constituents were re- 
moved with the bilirubin or chemically changed by any 
agent which would remove bilirubin. 

An immense amount of work has been done to determine 
the action of bilirubin. The findings of investigators who 
have admittedly been unable to secure pure pigments must 
be discounted. King and Stewart (1005) found that the “cost 
precluded” the use of pure bilirubin, but concluded that a 
lethal dose of bile is smaller when it contains the pigment 
than when the pigment is removed. They also believe that 
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caldum or sodium bilirubinate is less toxic than the uncom- 
bined bilirubin. This is contrary to the observation on dogs 
made by Horrall, who found that the addition of calcium to 
pure bilirubin increases the toxicity. This increase is prob- 
ably due to the calcium and not to the formation of a cal- 
cium bilirubinate. This latter substance could not be dem- 
onstrated in the mixture. The older workers who used impure 
bile pigments, such as Rohrig,* concluded that the pigment 
does not affect the heart. De Bruin, 1889, concluded from 
tests on the isolated frog’s heart that bilirubin is toxic. 

The recent work of Horrall (852) was done with extremely 
pure bilirubin on heart-lung preparation from dogs. Bilirubin 
was put into the blood of 9 dogs in concentrations varying up 
to 2.2 gm. per liter of blood. Heart tracings did not show 
the slightest evidence of toxicity. For further details of this 
work, see the chapter on bilirubin. 

Bile salts . — ^Pure bile salts have been injected repeatedly in- 
to experimental animals and man, and the effect on the heart 
observed. In small doses there are indications that there may 
be an actual increase in the heart action (Glur). In larger 
doses Rohrig found that intravenous injection of 6 cc. of a 
5 per cent solution of sodium glycocholate into a rabbit 
weighing 1,010 gm. caused a diminution of the heart rate 
from 240 beats per minute to 120 in 10 hours. Twelve hours 
later the pulse had returned to normal and the animal ap- 
peared entirely well. The pulse frequently became very ir- 
regular. These experiments were repeated with taurocholic 
and cholic acids, with the same results. 

* In 1863 (1604, p. 400) : "Es bleibt mir nun noch iibrig die Versuche aufeuzahlen, 
welche ich mit den ubrigen Gallenbestandtheilen angestellt babe und ich berichte 
hier zuerst uber die mit den Gallenfarbstoifen untemommenen. Ich konnte mit den 
zwei wesentlichen, dem Cholepyrrhin und dem Bilifulvin (Hamatoidin) experimcnii- 
ren, (he beide in einer concentrierten Seifenlosung bis zur Satdgung derselben gelost, 
und so Kaninchen verschiedener Grosse, meist indess kleinen^ injicirt warden. 
Die Losung des Cholepyrrhin war tief dunkelbraun, Adel dunkler ^s sonst Galle, die 
des BiHfulvins orange. Von beiden Losungen warden 6-8 CC. eingespritzt, es war 
jedoch niemals auch nur eine Spur von Einwirkung auf <he Herzaction zu erkennen. 
Da die eingespritzte Seifenlosung durchaus keinen Effect auf de Herzbewegungen 
geausserthatte.*’ 
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The lymphatic heart and the blood heart were both laid 
bare by Rohrig, and 6 drops of a 5 per cent sodium glyco- 
cholate solution were put on the muscular tissue. The heart- 
beats diminished from 12 in the first 15 seconds to 4 at the 
end of 4 hours. Six hours later they returned to normal. He 
attributed the bradycardia to the action of bile acids on the 
lymph heart, the same as on the blood heart. Small doses 
may cause the lymph heart to cease beating while the blood 
heart continues to beat. Rohrig concluded that not only does 
bile cause bradycardia but that one constituent of bile, name- 
ly the salts, causes the slowing of the heart. Pigments, choles- 
terol, glycocoll, and tavirin have no effect. 

The same effects with subcutaneous injections of bile acids 
were not observed by Legg (1082, p. 209), who found that the 
systemic heart shows poisoning early and that the lymphatic 
heart begins to beat more slowly only after general poisoning 
has set in. 

Dehydrocholic acid, i per cent solution, causes the heart 
to stop in 5-10 minutes; 2 per cent, in a few seconds; but 
desoxycholate, 1:1800 solution, brings the heart to a stand- 
still in I minute. Therefore, to the isolated frog’s heart, 
desoxycholate is twenty-five times more poisonous than 
dehydrocholate, according to Neubauer (1367). 

According to Rowntree, Greene, and Aldrich, the bile salts 
in the blood are increased in experimental obstructive jaun- 
dice, and may contain from 2.5 to 6.0 mg. They used their 
modification of the Pettenkofer reaction. There was no rela- 
tionship between high bile-acid content in the blood and 
bradycardia. They observed a slow heart more frequently in 
patients with intrahepatic involvement. Even with high Pet- 
tenkofer values, normal pulse rate or tachycardia was more 
frequently observed than bradycardia. Clinically, they found 
no relation between the quantity of bile salts in the blood and 
the heart rate. 

The French school has maintained that the bile acids cause 
bradycardia. Widal, Abrami, and Brul6 said that brady- 
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cardia is caused by bile salts, and concluded that jaundice 
without bradycardia indicates that there is bile pigment in 
the blood but no bile salts. Widal claimed that, since the fat 
metabolism is undisturbed, there is only partial obstruction 
and that the bile salts gain admission to the intestinal tract. 
Lyon-Caen (1152) and Parisot found the entire action due to 
bile salts. In normal man the intravenous injection of bile- 
salt solutions rarely causes bradycardia, according to Dumi- 
tresco-Mante and his associates (502). 

Cholesterol . — Intravenous injections of cholesterol have 
been made repeatedly. The difficulty is in getting a suitable 
media, as cholesterol is insoluble in satisfactory intravenous 
solutions. Hence, most of the reported harmful effects of cho- 
lesterol on the heart were due to the menstruum, the mixture, 
or the emboli made by the cholesterol itself. There is no satis- 
factory evidence that cholesterol retards the heart rate. 
Hypocholesterolemia or hypercholesterolemia are not as- 
sociated with variations in the heart pulse rate. 

Other substances in the bile have not been shown to have 
any effect on the heart. 

Calcium and potassium. — h disturbed calcium balance in 
obstructive jaundice and a marked diminution of calcium in 
the heart muscle were found by King, Bigelow, and Pearce; 
and slowing of the pulse was attributed to removal of the 
stimulating effect of calcium on the heart. (The effect of cal- 
cium and potassium on the heart will be discussed later.) 
The total calcium in the whole blood and blood serum is nor- 
mal in jaundice, but much question has arisen concerning the 
available calcium. 

LIVER 

In obstructive jaundice, of course, there may be injury 
to the hepatic cells, also increased pressure in the intra- 
hepatic ducts. By way of the former, bile constituents may 
reach the blood steam. The increased pressure in the ducts 
may act as a mechanical factor, causing reflex diminution of 
the pulse rate. 
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Slow pulse has frequently been found in experimental 
animals with liver injuries, according to Finsterer. He ex- 
plained the slow rate as due to the absorption of the bile 
acids, resulting in a strong cholemia. In rupture of the liver 
the bile may pass directly into the veins and circulation. He 
suggests that the slow pulse is a valuable aid in the diagnosis 
of liver injury. Diminution of the pulse in two cases of gun- 
shot wounds of the liver in man was reported by Ricciuti. 

A number of investigators have sought for the point of 
action of bile and its method of causing this peculiar heart 
action. Many have attributed the action of the bile to the 
bile acids and have tried to show particularly that the bile 
adds act on the nerves and ganglia. 

NERVES 

Bradycardia can be caused by stimulation of the central 
nervous system, and the impulse carried by way of the vagi, 
causing a slow rate, hence cardio-inhibitory; or by action on 
the accelerator nerves, preventing the stimuli from going 
through to the heart, and normally increasing the subnormal 
rate. Bile may also act on the intracardiac ganglia. Atropine 
paralyzes the nerve endings, preventing outside impulses 
from coming to the heart. 

The first extensive experimental investigation of the action 
of bile on the heart was made by Rohrig. He injected bile 
intravenously and observed a slowing of the heart. The vagi 
were then cut and bile was injected, causing a slight slowing 
of the heart. He conduded that bile causes a specific damage 
to the exdtomotor heart ganglion. Landois, 1863, was the 
first to section the va^ and sympathedcs and inject bile into 
the blood stream, causing a diminution in the heart rate. 
He then conduded that bile acts directly on the heart. 
Fdtz and Ritter (571) concurred. 

Large quantities of bile were injected by Fasce into dogs 
and rabbits, which caused the pulse to increase many times. 
He ascribed this action to the bile constituents. In icterus 
and also in experimental animals the pulse was dther in- 
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creased or normal; the tachycardia was due to traumatic ir- 
ritation or to fever. 

Atropine has no influence on the pulse when given after 
bile injection, as reported by Braun and Mayer. The action 
of bile is not on the intracardiac vagus endings but on the 
muscle. Weintraud (0,068) found that atropine causes the 
pulse, which has been slowed by bile, to increase, and ex- 
plained the slowing as due to central stimulation of the 
heart’s “slowing apparatus” by bile. 

It was reported by Betz that the tone of the heart is aug- 
mented by bile salts but that there is a diminution in diastole. 
Double vagotomy has no effect. De Bruin (435) found that 
bile salts do not affect the pneumogastric nerves. 

Rabbits with the left vagus cut were used in experiments 
by Meltzer and Salant (1065). A minimal current was used 
to determine the inhibitory effect on the peripheral end of the 
vagus. Enough bile was then injected intravenously to cause 
a distinct fall in blood pressiue. Stimulation of the peripheral 
end of the vagus showed that there was no loss in irritability 
but rather an increase. A second injection of bile was then 
made. InMbitory effect of the vagus continued intact as long 
as there were any signs of pulsation of the heart. Atropine 
did not entirely prevent the effect of bile on the heart, as the 
heart could be brought to a standstill after complete atropin- 
ization. 

In 1876 Legg found that bile acted on the heart ganglion 
system and that this action could be prevented by atro- 
pine. He thought, therefore, that the slow heart in jaun- 
dice was due to the action of bile on the ganglia. Ewald, 
Riegel, Grob, Laveran and Teissier, and Steiner endeavored 
to locate the point of action of bile on the heart. Some of 
these investigators stated that the ganglion was actually in- 
jured chemically, while others referred to the action as 
similar to that of atropine. Blay concluded that bile acts as 
a disabling agent on Remak’s ganglion of the sinus. 

Bile acts on cardio-inlubitory fibers, according to Rohrig, 
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1863; Feltz and Ritter, 1874; Spallitta, 1887; and Branden- 
berg, 1903. Spallitta concluded, from experimental observa- 
tion, that bile (10 per cent salts) and atropine cause the heart 
to continue to beat longer than does bile alone, and that bile 
does not act on the central nervous system, because an ex- 
cised frog’s heart, placed in a glass tube in salt solution or salt 
and serum, and continuing to beat, can be influenced by bile 
after all the influence of the central nervous system has been 
cut off. Bile from the ox, dog, sheep and goat each have the 
same effect. Sodium glycocholate and sodium taurocholate 
act in like manner. 

Bradycardia, according to Steiner, is not due to stimula- 
tion of the ends of the vagi by bile, for a slow heart rate ap- 
pears even after paralysis with atropine. Bile placed on the 
posterior surface of the heart of the frog causes the heart to 
come to a standstill at once. Bile put on the anterior surface 
causes a decrease in pulse rate after a few minutes. If the 
ventricle is cut off after a Stannius’ ligature has been placed, 
the pulsations of the sinus continue, but immediately stop 
when bile is applied to the sinus. If the ligature is applied to 
the heart, the sinus removed, and the ventricles cut off, the 
auricles continue to pulsate even after the application of bile, 
with no change in rate. Therefore, Steiner concluded that 
bile acts on the sinus ganglion and not on the auriculoven- 
tricular ganglion. 

Rhythm is not disturbed, according to Lian (1592, cited) 
and Lyon-Caen (1151); but the actual period of contraction 
of the heart muscle is increased. Patisot, in experiments with 
ligature of the common duct in rabbits, found that the 
cardiac contraction diminishes but is otherwise not modified 
by atropine. The cardiac contractions are not altered by sec- 
tion of the cardiac nerves. Lian noticed, late in jaundice, a 
disassodation of the aurides and ventrides and found that 
atropine sulphate, 0.001 gm., causes a slight increase in the 
contraction of the musde. 

Electrocardiograms of jaundiced patients show a nervous 
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(not a myocardial) origin of bradycardia, according to 
Dumitresco-Mante and assodates (50a).® Hypotonia or hy- 
peramphatonia is in dose relation to blood changes. Hyper- 
cholinemia and hypercalcemia are always present in brady- 
cardia; and hjrpocholinemia and hypocalcemia in the pa- 
tients with tachycardia. The atropine test is positive in all 
cases with bradycardia. The presence of either bile salts or 
bile pigments, or both, is not constant. A solution of bile salt 
injected intravenously into normal men rarely causes brady- 
cardia. Choline is the most important factor in bradycardia. 

Age is a factor in the bradycardia of jaundice, according to 
Buchbinder (293), who experimented with young pups; but 
calcium variations in the blood during the different stages of 
the obstructive jaundice have not been recorded. 

HEART MUSCLE 

Other investigators, Ranke and Traube, thought that bile 
salts act on the heart muscle, actually causing alterations of 
the muscle substance. Lowit stated that bile salts act first on 
the ganglion and then on the heart muscle. Schack, and 
Bunting and Brown, observed myocardial degeneration. The 
latter found that bile causes a definite degeneration of the 
heart muscle, which can be observed by microscopic examina^ 
tion following intravenous and intraperitoneal injection of 
bile and bile salts. Feltz and Ritter (571), following the in- 
jection of bile into the crural vein of a dog, observed a brady- 
cardia of 18 pulsations per minute. Because crystals were 
found in the blood following the injection, they thought that 
the bile adds act on the blood and the blood cells. 

Intraperitoneal injection and direct application to the 
heart of a frog was made by Lyon-Caen (1152). Cardiac trac- 
ings showed the chronaxia of ventrides and auricles. Con- 
centrated solutions augmented the chronaxia of the heart- 

> ^'Conclusions oenerales”: “Dans les cas d’ict^e 6tudi& par nous, la brady- 
cardie ictdrique, qui 6tait une bradycardie totale, nerveuse, ne relevait pas toujours 
d*une simple hypertonic vagale. Uhypervagotonie pure classique des ict6riques est 
rare; on trouve beaucoup plus souvent des ict^res nypoamphotoniques, des ict^res 
hyperamphotoniques, et mSme des ict^s hypersympathicotomiques.” 
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mxiscle fibers. At first the solutions seemed to act on the au- 
riculoventricular fibers (fasciculi of Gaskell). The cardiac 
conductibility was diminished by a i per cent solution of bile. 
The excitability was not diminished unless solutions of great- 
er concentration than 4 per cent were used. 

It was found by Landois that small doses of whole bile or 
bile salts given intravenously or painted on the excised heart 
cause the rate to increase, but that large doses act so quickly 
that the increase of the pulse rate is not noticed and only the 
decrease observed. Landois, contrary to Traube, found no 
primary inhibitory action on the nerve and concluded that 
bile affects the muscular-motor-nervous system of the heart. 
But Traube replied that the basis for these conclusions lay in 
the quantities used and the method followed by Landois and 
by Rohrig. Traube and Leyden attributed the effect to the 
destruction of the blood corpuscles, which, in turn, caused 
malnourishment of the heart. Strong solutions of bile or bile 
salts, they concluded, act directly on the muscle of the heart. 

Wieland and Hildenbrand, making their investigations on 
the excised frog’s heart, observed that the action of cholic 
acid is similar to that of the (figitalis group and that high con- 
centration brings the heart to a standstill immediately. 
Cholic-add poisoning of the heart cannot be washed out after 
a certain level has been reached; atropine has no effect on the 
poisoning; and cholic acid has a saponin-like action on the 
frog’s heart. Ruling out the vagus action, he said that atro- 
pine has no effect on the poisoning of cholic add and that 
there is no incubation period, espedally when the add is in 
high concentration. In low concentrations the action of 
cholic acid on the heart musde and skeletal musde is revers- 
ible and, in this way, is also similar to the action of the 
di^talis group. Cholic-acid poisoning of the heart causes 
slowing of the pulse, diminution in diastolic filling, systolic 
heart failure, diastolic heart fdlure in higher concentration, 
and rhythm alteration as to irregularity and grouping of 
pulse beats. All of this poisoning is similar to that of digitalis 
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poisoning. He* concluded that there is a chemical action be- 
tween cholic add, or desoxycholic add, and blood serum, on 
the one hand, and cholic add and heart muscle, on the other, 
causing a chemical combination which results in cessation of 
the heartbeat. When the combination is broken and the chol- 
ic acid washed out, the heart begins to beat again. Thus, 
serum and desoxycholate form a reversible combination; the 
heart reacts quickly, according to the quantitative variations. 
Albumin most likely combines with desoxycholate; the other 
proteins, less likely. Desoxycholate in the serum is partly 
bound and partly free. The free portion acts on the heart and 
is reversible later; thus the serum partially inhibits the chem- 
ical action of the bile add. Several substances — such as oleic 
add, ether, xylol, animal charcoal, or camphor — cause this 
poisonous action to cease. This detoxification is noticeable 
if Ringer’s solution and serum are used. The removal of the 
poisonous action of the desoxycholate is most conspicuous. 
The surface action seems to be a more plausible explanation 
than the chemical combination. These substances detoxify 
so thoroughly that the heart again returns to normal rate and 
rhythm after it has been stopped by bile acid. It would ap- 
pear that the action of desoxycholate on the heart is similar 

3 Wieland (21 1) found that the serum and desoxycholate have a reversible affimty 
for each other: Serum Desoxychoiate!^Serum^/«j Desoxycholate, For eryth- 

rocytes a concentration of 1:7,250 is not harmful; this same concentration does 
not affect the exdsed frog’s heart. The mass action of the serum is reversible and is 
able to loosen the combination between the heart and the bile add. Thus the poison 
can be washed out of the heart quickly with serum. If the heart is poisoned with bile 
salts in Ringer’s solution, the equilibrium is: Heart minus Desoxycholate^^Heart 
plus Desoxycholate. Now the combinadon on the left side is very strong, and only a 
small amount of desoxycholate remains free in the Ringer’s solution. If serum is 
added, the free add will be bound and a balance established between bile acid in the 
heart and serum, thus freeing the heart of the harmful amount which it has in com- 
binadon. There may be a pracdcal reladonship of this nature as an explanadon of 
cholemia, and many physioloj^c processes. 

Wieland also observed that when bile add is put in Ringer’s soludon the heart 
musde very readily takes it up and combines with it, causing the heart to come to a 
standsdll. Since the bile adds have an affinity also for serum, the combinadon of 
the heart and bile add can be broken down by washing the heart with serum, thus 
brining about a chemical eqmlibrium between the heart and Hie adds and the serum 
and bile adds. 
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to the fatiguing of the heart muscle. The recovery is phys- 
iologically similar; even a heart poisoned with sodium desoxy- 
cholate cannot be caused to return to normal by washing 
with Ringer’s solution, but can be speedily returned to nor- 
mal after washing with serum or serum in Ringer’s solution. 

Bile acids act similarly to digitalis on the heart (Manta). 
Perfusion of the frog’s heart with dilute bile causes the heart 
to come to a diastolic standstill (Mijerson). But Ashur pre- 
sents a new view; he states that, since bile and extract of 
liver cause a slowing of the heart, the physiologic concentra- 
tion of cholate from the liver passes into the blood to serve as 
a physiologic regulator of the heart. 

The conclusion was reached by Marey and Kleinpetter 
that the slowing of the pulse is due to the faU in blood pres- 
sure caused by bile in the blood, and not by its action on the 
heart muscle. 

Weintraud (2068) declared in 1894 that an explanation of 
bradycardia in icterus had not been made clinically or experi- 
mentally. 

Blood obtained from a dog with jaundice causes a brady- 
cardia when given to another dog, according to Roger (1592). 

There are many causes of diminution of the heart rate; and 
when many disturbing factors can be and are modified at the 
same time, interpretation is difficult. For example, a patient 
with jaundice is usually inactive physically. He spends much 
time at sleep or at rest in bed. The inactivity with decreased 
metabolism probably accounts, to some extent, for the brady- 
cardia. The definite influence of bile on the heart in icterus is 
yet to be proved. 

ACTION OF BILE ON THE BLOOD PRESSURE 

Jaundice is frequently accompanied by a weak pulse. 
Clinical observations were made by many physicians a cen- 
tury ago. Later Landois, Rohrig, Feltz and Ritter, Lowit, 
Frerichs, Rywosch, Traube, Legg, and many others found a 
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diminution in blood pressure in experimental animals, follow- 
ing the intravenous injection of bile or bile salts. 

The first kymographic tracings of the effect of bile or bile 
salts on the blood pressure were made by Traube in 1 864. He 
used natrium choleinicum. The next tracings were made by 
Lowit, 1 8 8a, who, using sodium cholate, observed that large 
amounts caused a depressed blood pressure and that small 
amounts increased it. Intracarotid injections of bile salts 
caused a rise in blood pressure. Blood-pressure readings were 
taken from the carotid artery by Meltzer and Salant (ia65) 
in their experiments on rabbits under ether. Rapid injections 
of o.a-0.3 gm. of bile salts into the jugular vein caused a fall 
in pressure of 60-70 mm. of mercury; and with a slow injec- 
tion of 1.0 gm., the fall was only ia-15 mm. Concentrated 
solutions had marked effect; dilute solutions, slight effect. 
Ten cubic centimeters of ox bile given slowly intravenously 
had very little effect, but a cc. introduced rapidly had a very 
marked effect, on the blood pressure, and in many instances 
caused death. Whole beef bile, undiluted, diluted, and also 
inspissated, was used. Meltzer and Salant considered the 
hemolytic theory disproved. 

Thrombosis, emboli, hemolysis, and a marked fall in blood 
pressure were observed by Horrall following intravenous in- 
jections of various kinds of bile and many varieties of bile 
salts, especially when given rapidly. Numerous tracings were 
made. Intraperitoneal injections caused a similar, but slower 
and more gradual, fall in blood pressure. There were no sud- 
den dips, as found following intravenous injections. 

Bile given intravenously has no effect on the blood pres- 
sure, according to Edmunds. Intravenous injection of 5 cc. 
of I per cent solution of sodium glycocholate has almost no 
ejSFect on rabbits under anesthesia, and the same quantity of 
sodium taurocholate causes only a slight change. 

Small amounts of bile acids given intravenously to anes- 
thetized animals increase the blood pressure, and large 
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amounts decrease it, according to Still. Marey (1200) ob- 
served increased blood pressure in jaundice. Most of the ob- 
servers found the blood pressure decreased in clinical cases. 

Sodium dehydrocholate* was injected intravenously into 
14 men by Adlersberg and Taubenhaus. In about two-thirds 
of these patients there was a fall in blood pressure of from 12 
to 30 mm. of mercury. Numerous intravenous injections of 
the same solutions, using the same quantity, into dogs were 
made by Regan and Horrall without causing a fall in blood 
pressure or change of heart rate. Large quantities, two or 
three times this amount, were given to small dogs, causing a 
marked sudden fall in blood pressure with a slowing of the 
heart. When 10 cc. of sodium dehydrocholate were injected, 
very cold or very rapidly, death followed a fall of blood pres- 
sure. At times there were rises in blood pressure at the be- 
ginning of the injection, but only for a few seconds and only 
a few millimeters. 

The fall in blood pressure is attributed by Strecker (1852) 
primarily to the action of bile on the heart muscle, but the 
slowing of the pulse is ascribed to the action of bile on the 
vagus. 

aisuM^ 

Bradycardia is not constant in any type of icterus. 

Atropine does not affect the bradycardia in some cases. 
Experiments show that hypervagotonia is not to be accepted 
as being the cause of the bradycardia. 

If the bradycardia were caused by bile acting on the vagus 
and thus slowing the heart, atropine would increase the heart 
rate. 

Bile salts in the bile of a dog affects the conductivity in the 
heart of a frog with slow rhythm and dissodation of the 
auriculoventricular rhythm, and stops the contraction of the 
ventrides without modification of the chronaxia (Lyon- 

* The intravenous dose of sodium dehydrocholate, 20 per cent solution, for a 
man weighing 150 pounds is 10 cc. The foregoing dose used for a 20-pound dog was, 
accordingly, many times greater when weight was considered. 
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Caen). The intravenous injection in man of 2-3 gm. of bile 
salts in a solution four to five times more concentrated than 
is observed in jauncfice does not always cause bradycardia 
(Chabrol and Maximin). 

The idea of bile salts being the cause of bradycardia was 
rejected by Dumitresco-Mante, who thinks the cause lies in 
the variations of calcium and choline in the blood. 

The retention of bile itself modifies the liver and gall pas- 
sages. It has been shown experimentally that increased pres- 
sure within the gallbladder causes slowing of the heart rate. 
It is interesting to note that bradycardia most frequently oc- 
curs in cancer with obstruction of the outflow of bile. 

Digestive disturbances with the failure of fat metabolism 
and with an increase from the normal 5 per cent excretion of 
fat in the feces to more than 40 per cent when bile is absent 
from the intestine (337, p. 114) suggests a possibility of ab- 
sorption of a toxic substance. It must not be forgotten that, 
when bile ducts are obstructed by a new growth, the pan- 
creatic ducts are frequently obstructed at the same time. 

Emaciation and malnutrition are present in late jaundice. 

Functional disturbance of the liver with variations in 
nitrogen metabolism must be considered. 



CHAPTER XIV 

ACTION OF BILE ON SKELETAL MUSCLE 


T he first observation of an alteration of muscle with a 
visible structural change caused by bile was made by 
Budge in 185a. Bile of frog was placed upon the ex- 
posed muscles of the frog’s leg, causing a rapid contraction. 
Incised muscles, when touched on the cut surface with bile, 
contracted more vigorously than the uncut. Kuhne applied 
gallbladder bile to the thigh muscle of a frog, causing a very 
strong contraction, which lasted longer than a physiologic 
action. The nerve of fresh muscle-nerve preparation was 
touched with diluted bile, causing a spasm of the muscle. 
Bile applied to the cross-section of a muscle caused contrac- 
tion. Ether-alcohol extract of bile, diluted to a-3 per cent, 
caused contraction. Bile salts in solutions stronger than 6 
per cent caused one sudden contraction and then no more. 
Bile salts and bile, as observed by Ranke in 1864,’' caused the 
muscle to become lame and the cells to be altered chemically. 
Sodium glycocholate, 0.5 per cent, was injected into the rear 
legs of frogs, causing the muscles to become very hard, so 
that they would not react to electrical stimulation. On wash- 
ing with salt solution, the muscle did not recover. The failure 
to restore the action of the muscle caused Ranke to conclude 
that a chemical change had taken place in the muscle. The 
muscular-motor theory was advanced by Traube in 1864. 
Schack, 1868, without knowing of the work of Ranke, showed 
that bile causes a loss of the irritability of the muscle, its 
histologic appearance changing so that the cross-striations 
are lost and the contents of the muscle cell coagulated. 
Muscle failure in jaundice and following injection of bile 

gallensauren Salze eine lahmende Wirkung auf die Muskeln. .... 
Diese L^mung ist nach seiner Meinung Folge einer chemisdien Veranderung der 
Muscuitur.” 
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was observed by Feltz and Ritter (571) in 1871, suggesting 
that muscle failure is due to altering ialtSrSe) of the blood. 
No microscopic evidence has been found of changes in the red 
blood cells in icterus, but inconstant changes in the viscosity 
of the blood have been observed. Bile salts affect the con- 
tractility of the muscle substance. 

Striated muscle cells were chssolved in the presence of bile 
by Bouchard. This resulted in anatomic lesions, and the 
slowly developing intoxications arose from the setting-free of 
toxic substances which were formed by the decomposition of 
the cellular elements. In part from these observations he for- 
mulated his widely heralded autointoxication theory in refer- 
ence to jaundice. 

Irr^ular contractions of the muscles of the rear limbs of 
frogs were observed by Legg (1080),* following intra-aortic 

*In 1880 (1082, pp. 199-201); “There were the irregular contractions of the 
muscles of the limbs as the injection passed into them, ri^dity and hardness im- 
mediately after the injection, and an absence of contraction on the application of 
electridty to the sciatic nerves. Knowing, however, that bile acids will coagulate 
albumen, as a i per cent solution will cause turbidity in white of egg, it would seem 
that the appearances described by Ranke would be very fully explained by the 
chemical action of the bile acids upon the albuminous bodies of the muscle. 

“I was thus led to make a series of experiments in which the bile acids should 
not be imme^ately injected into the muscle, but should act by the natural process of 
absorption. The solution of the bile acids was injected into the lymphatic sac or 
under the skin of frogs. The amount given varied from .05 to .3 grams. Twelve 
experiments were made; and in nearly aU no change in the curve traced by the 
myograph could be detected after the injection of the bile adds, the observations 
be^nning immediately after the injection of the bile adds, and lasting up to the 
time that the musdes would respond to any amount of electridty that I was able 
to being to bear upon them. 

“The method used was as follows: the sdatic nerve was prepared, carefully 
avoiding all injury of blood vessels; the tendon of the gastrocnemius was attached 
to a string, and separated from the heel. The frog was then put into a moist cham- 
ber and the string attached to the tendo-Achillis, fastened to a telegraph lever 
writing on a revolving cylinder. The sdatic nerve was then irritated by means of 
electridty from a DuBds-Reymond's ceil; it was applied no oftener than once 
every minute, and only of such amount as to cause the musde to contract. In the 
first two or three experiments the injection was given before the musde was ready. 

“As samples of the other, 1 detdl two of these experiments. Jan. 22nd. Excel- 
lent normal curves obtained. 0.1 gm. of bile adds injected under sltin of back. No 
change in the curves save that they grow smaller in height from 1 5 to 60 minutes 
after injection. 

“Feb. 2nd. 0.3 gram of bile adds injected under skin of back, no change in the 
normal curves from 19 to 92 minutes after injection.” 
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injection of lo cc. of i per cent bile acids. This was followed 
by rigidity and hardness; their stimulation of the sciatic 
nerve caused no effect, and he concluded that bile acts as a 
chemical on the albuminous part of the muscle. Bile acid, 
0.5 gm., was then injected into the lymphatic sac, causing no 
effect on the muscle. 

A I per cent solution of sodium taurocholate was applied 
to the gastrocnemius and sartorius muscles of a frog by 
Rywosch (1659) 1891. The muscles contracted strongly 

and shriveled, then stiffened as the myosin coagulated, and 
after a few minutes were so rigid that no amount of electrical 
stimulation would cause motion. The cross-striations were 
not visible under the microscope, and the myosin was en- 
tirely congealed. A more dilute solution, 0.5 per cent bile 
salts, caused the muscle to contract for a longer time, and 
coagulation was delayed for a hours. This action, according 
to Rywosch, cannot be compared with that of the bile in the 
blood stream, as the strength of the bile salts was much great- 
er in the experiments than would ever occur in jaundiced 
blood. Sodium glycocholate and sodium taurocholate — 0.5 
per cent, 0.8 per cent, and i.o per cent solutions — ^were used, 
and from time to time the muscle was stimulated with a 
Du Bois induction apparatus. He concluded that sodium 
taurocholate acts more vigorously than sodium glycocholate 
on muscle; that chenocholate is the most poisonous; that 
choloidinic acid and hyocholic acid are only slightly more ac- 
tive than glycocholic; and that the bile salts act on the 
muscle as a saponin substance.^ 

Paralysis of muscle is produced by bile, as shown by 
Meltzer and Salant in 1906. Many investigators have 
thought that bile acts directly on the muscle, not only in in- 
jection experiments but also in icterus. Large quantities of 

3 Rywosch (1658, p, 1 1 9): “Im Grossen und Ganzea zeigen die gallensaurcn 
Sake auch in der E^nwirkung auf die Muscolatur due auffallende Aehnlichkeit mit 
den Saponinsubstanzen. Dieselbe zeigte »ch nicht etwa nur am ausgeschnittenen 
Muskel, sondem auch bei Versuchen an ganzen warm- und kaltblutigen Thieren." 
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rabbit gallbladder bile were injected into the lymph sacs of 
frogs, causing paralysis of the rear legs long before there was 
any sign of paralysis elsewhere. This paralysis was caused by 
the bile coming in direct contact with the muscles. 

The writer has frequently dropped a small amount of bile 
or bile salts on exposed muscle, striated or nonstriated, and 
observed twitching and fibrillation, followed by paralysis 
when the quantity was increased. If washed oiF quickly with 
physiologic salt solution or serum, the more severe signs did 
not occur and the muscle returned to its normal condition. 

Increased chronaxia of the muscle, following the applica- 
tion of bile salts, without modification of the chronaxia of the 
nerve, was observed by Lyon-Caen in 1925. The action was 
more prompt and more intense on slowly acting muscle than 
on the rapidly acting muscle. 

Feltz and Ritter, Traube, Schack, Ranke, Ewald, Riegel, 
and Grob thought that in icterus bile acts on the muscle; 
Legg and Brandenberg concluded that the bile acts not only 
on the muscle but also on the nervous apparatus. 

Working with the gastrocnemius muscle of a frog in 
Ringer’s solution, Wieland, in 1920, found that spontaneous 
fibrillations occur with chohc acid but never with desoxy- 
cholic. The quantitative toxic relation is cholic acid, 1 : 800, 
and desoxycholic acid, 1:6400. The actions of both acids on 
isolated skeletal muscle are similar to their actions on the 
heart muscle 

In an experiment by Tsurata (1949) antagonizers caused 
bile salts to act less vigorously on muscle-nerve preparation 
of the frog. The anti-substances which were added to the 
bile-salt solutions prevented tetanus of the muscle. Lecithin 
and phosphatides were the most active. Since the action of 
bile on the muscle differed from that on the nerve, it is sug- 
gested that there is a natural and more efficient protective 
substance in the nerve (Tsurata). 
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It is difficult to evaluate these observations, particularly 
since the quantity of bile salts in the blood stream in icterus 
is very small in comparison with that used in the foregoing 
experiments. In jaundice we are not dealing with the action 
of bile or bile salts alone. 



CHAPTER XV 


EXCRETION OF BILE IN THE URINE 
AND ITS TOXIC ACTION 

T he fate of bile in the body has been dealt with else- 
where in this volume. This chapter has to do with 
the role of the kidneys in the elimination of the main 
constituents of bile, with the effects of these substances on 
the Iddneys themselves, and with the toxicity of urine con- 
taining such substances as are derived from bile and elimi- 
nated by the kidneys during jaundice. 

It has been known for a long time that bile pigments ap- 
pear in the urine in jaundice and, more particularly, in ob- 
structive jaundice. The urine becomes deeply colored early 
in jaundice. The first record of such an observation was writ- 
ten by Hippocrates. A jaundiced patient can very easily de- 
tect the increased color of the foam on urine that has just 
been passed, or after shaking a specimen. 

BILE IN THE URINE 

In early jaundice there is an increase in the total quantity 
of protein in the urine. It is rarely absent. As the jaundiced 
condition is prolonged, the albumin in the urine gradually 
increases in quantity, changing from the debris type to 
cellular, then to granular, and finally to large quantities of 
hyaline casts. 

Following ligation of the common duct in the first experi- 
mental animals, the urine was discolored. The experimental 
work of Tiedemann and Gmelin, 1827, was designed to dis- 
cover the way in which bile reaches the blood and thence the 
urine in obstructive jaundice. It was found by the foregoing 
workers and Harley (767) that the portal of entrance into the 
blood is primarily through the thoracic duct. This work was 

16s 
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based on the assumption that all constituents of bile are 
formed in the liver. 

Sugar is rarely met with in the urine in jaundice. There is 
a reciprocal relation between the formation and discharge of 
bile from the liver and the formation and discharge of gly- 
cogen (Saadi-Nazim and Usuelli). 

The terminology bile in the urine usually refers to Gmelin’s 
reaction; and this depends on the presence of pigment, which 
reacts wdth nitric acid, giving various colors according to the 
type of bile pigment present, so that most of the older works, 
and our textbooks today, refer to bile in the urine according 
to the Gmelin test, or some modification of it, which means 
bile pigment in the urine. 

The recent work of Mann gives evidence that at least some 
of the constituents of bile are formed outside the liver, and 
suggests that when the portal of exit of bile through the liver 
is raised, causing retention in the blood stream to a sufficient- 
ly high concentration, the kidneys begin to remove the bile 
constituents and excretion takes place in the urine. 

Other experiments were carried out by the introduction of 
whole bile orally, intravenously, intraperitoneally, and sub- 
cutaneously; and the excretion of pigment in the urine was 
observed. However, it was not until attempts were made to 
deal with the constituents of bile separately that any real 
understanding was reached as to the role played by the 
kidneys in the elimination of bile. 

Bile pigments appear in the urine in various forms, as seen 
by the color of freshly passed urine. The jaundiced urine 
may be colored a deep yellow, orange, reddish brown, dark 
brown, greenish black, or almost black.* The orange and red- 
dish colors are due to bilirubin; the green, to biliverdin; and 
the black, to bilihumin. These coloring matters show char- 
actjeristic absorption spectra. Usually the examination shows 
bilirubin and its various oxidation products. If the urine 
stands for a time, rapid changes take place in the bilirubin, 

* The urine is almost black in black-water fever. 
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as it is very sensitive to changes in alkalinity, light, and 
oxygen. When bile pigment is present in the urine in com- 
plete obstructive jaundice, the color is usually due to bili- 
rubin, as urobilin, the pigment in normal urine, is absent 
because of the failure to produce it in the bilirubin-free in- 
testinal contents. 

The injection of whole bile and bile salts intravenously into 
dogs by Feltz and Ritter (565, 566) caused bile pigment to 
appear in the urine, the amount of coloring material bring in 
proportion to the amount of bile injected. 

Following ligation of the common duct in the dog, Snell, 
Greene, and Rowntree (1798) did not find pigment in the 
urine until the second day. Frerichs always found bile in the 
urine within 48 hours after ligation. 

When bilirubin is injected intravenously into rabbit, dog, 
or man, a small amount may appear in the urine. All bile 
pigment is not eliminated by way of the urine, even in com- 
plete obstructive jaundice. Frequently in incomplete jaun- 
dice, or very early in jaundice, crystals of bilirubin can be 
found, by means of the microscope, in cells or in casts in the 
urine. These observations are frequently positive before the 
ordinary chemical tests can demonstrate bile pigment or salts 
in the urine. 

Hoppe-Seyler (84a), Kiihne (1034), Leyden (1105), and 
Huppert (873) found small amounts of bile salts in the urine 
when these salts were present in the blood in excessive con- 
centrations. 

Bile acids were found by Kiihne (1034) in the feces of dogs 
on a potato and fat diet, with no evidence of any absorption 
from the intestine. A modified Pettenkofer reaction with sug- 
ar and sulphuric acid solutions was used for testing. The 
urine contained no paired bile acids, but only unpaired nitro- 
gen-firee cholic arid, after intravenous injection of bile in the 
dog. Twenty hours after ligation of the common duct in a dog, 
the urine gave a marked reaction for bile arids and pigment. 
Frerichs (634) failed to find bile arids in the urine in cases of 
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jaundice, using his modification of the Pettenkofer reaction. 
He then injected large amounts of pigment-free bile into the 
blood of animals and found what he believed to be bile pig- 
ment in the urine, but no bile acids. This pigment corre- 
sponded to the products formed outade the body by the 
action of s\dphuric acid on bile adds, which led to the con- 
clusion that the same reaction takes place in the body. He 
also found that when pigment appeared in the urine it was 
accompanied by albumin, and that there was often hema- 
turia. Examination of the urine for bile acids in 19 cases of 
jaundice, using the Pettenkofer test with sugar and sulphuric 
add, failed to reveal any of the biliary adds, so Frerichs con- 
cluded that in his experiments the biliary acids were not 
excreted in an unchanged condition in the urine. 

Large quantities of pigment-free bile were then injected 
into the blood of H'ving animals, and a pigment was excreted 
in the urine. This coloring matter had the characteristic 
properties of bile pigment and corresponded in its behavior 
with the products formed by the artificial action of sulphuric 
add on bile adds. Unchanged biliary acids were not found 
along with the coloring matter, but leucine was usually 
present- He therefore concluded that he had proved that bile 
adds are transformed into bile pigments. When large quan- 
tities of bile acids are injected into the blood, they completely 
disappear within a short time, not because they are voided 
but because they have undergone changes or have passed into 
the tissues. 

A quantitative examination of bile adds in the urine and 
blood was made by Neukomm (1376) in i860, using the Pet- 
tenkofer reaction with sugar solution and color standards; but 
it was found that the estimations were interfered with by 
other substances in the urine. Sodium glycocholate was in- 
jected very slowly intravenously into dogs in amounts of 
0.8-2.CI gm. in 10 cc. of water, and only an occasional slight 
trace of bile adds was found in the urine. In cases of cirrhosis 
of the liver with jaundice, as well as in cases of obstructive 
jaundice, only slight traces of bile adds appeared in urine. 
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The test for bile acids in the urine did not appear until 
much later. The Pettenkofer test, with its various modifica- 
tions, is not specific for bile acids, either in the urine or in the 
blood. The determination of sulphur in the urine of dogs, 
which normally secrete mainly suphTir-containing bile acids, 
is not reliable. Neither is the obtaining of crystals character- 
istic of the various bile acids feasible, because of the difficulty 
of technic and because this test is not quantitative. As yet, 
only an approximate test for bile salts in the urine has been 
developed. 

The phenomena of three types of jaundice appear in the 
urine just as they appear in the blood. The bile pigments 
alone may appear in the urine, or the bile salts alone, or the 
bile salts and bile pigments together. Variations of other con- 
stituents of the urine — such as urea, uric acid, sulphates, 
chlorides, phosphates, leucine, and tyrosine — ^may increase 
or decrease according to the type or degree of conditions 
and the other variations of body metabolism associated with 
jaundice, but are not directly related to the toxicity of the 
bile acids. 

Following the intravenous injection of 1.5 gm. of sodium 
glycocholate into a dog, Huppert (873) recovered from all the 
blood and urine only 0.14 gm. About one-fourth disappeared 
in the liver. The main part (two-thirds) of the injected bile 
adds transuded into the tissues; about one-twentieth was 
excreted in the urine; and a large part of that excreted by way 
of the liver into the gut was reabsorbed; the rest was elimi- 
nated in the feces. Leyden (1105) injected intravenously into 
a dog 1.5 gm. sodium glycocholate and recovered only 0.20.7 
gm. in the urine in 24 hours. Following an intravenous injec- 
tion of ox gall and bile adds, a small amount appeared in the 
feces. 

Bile salts in jaundice are very insignificant: highest, 
0.1-0.15 gm. per liter output in the urine, as contrasted with 
10-12 gm. synthesized daily by the body. There is no paral- 
lelism between bilirubinuria and cholalurioy accorcfing to 
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Chabrol and B^nard (341). In the normal human urine there 
are no bile acids (Isaac). Whipple and Smith (2096) more 
recently reviewed the subject of bile acids in the urine and 
found that only in jaundice are there small amounts of bile 
salts, 200-300 mg. per day. There has been an extensive 
amount of work done on the phenomenon of the three types 
of jaundice, under the subject of “Dissociated Jaundice,” by 
Hoover and Blankenhorn in this country and by Lemierre, 
Brul6, and Garban and others in France. 

In sudden complete obstructive jaundice both pigments 
and bile salts appear in the urine 24 hours before the con- 
junctivae are icteric. In dissociated jaundice either bile salts 
or bile pigments may disappear from the urine, after having 
appeared; or either may appear alone. In some cases of jaun- 
dice there appears to be a relationship between bile pigment 
and bile acids in the blood plasma and in the urine, while in 
other types of cases this relationship does not exist. In in- 
ternal hemorrhagic extravasations and in toxic hemolysis 
without disease of the liver, bile pigment may be increased in 
the blood stream and excreted in the urine; but the bile salts 
may be absent, according to the most delicate test. 

Urobilin is usually absent when much bile pigment is 
present in the urine. Bile pigment may be absent from the 
urine even though the tissues are deeply jaundiced. Casts, 
urinary sediment, or cells may be bile-stained, even though 
the urine ^ves no bile reaction to the simple tests. The 
bilirubin crystals may even be seen within the cells or casts 
without giving any chemical reaction indicating their pres- 
ence. Bile pigments occur frequently in the urine, usually as- 
sociated with obstructive conditions in the biliary passages 
or diseases of the liver without obstruction, and also in some 
diseases of the kidneys. 

r£svm]£ 

The appearance of bile salts or pigments in the urine may 
depend on the difference in production, diffiisibility, or selec- 
tive decreased efficiency of their normal portals of excretion. 
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Either the bile salts or pigment may be present in very high 
concentration in the blood plasma and yet not filter into the 
urine. The factors concerning the excretion of bile salts and 
bile pigments into the urine may be renal or hepatic. There 
does not seem to be any absolutely constant relationship 
quantitatively between bile pigment and bile-acid excretion. 
Each bile constituent must be tested for quantitatively be- 
fore any conclusion can be drawn as to its presence in the 
urine. A positive Gmelin test means that bile pigment is pres- 
ent, and has nothing to do with bile acids or other bile con- 
stituents. Under normal conditions bile pigment and bile 
salts are found in the urine only in minute traces, if at all. 
In any condition in which the concentration of bile or its 
constituents in the blood is increased sufficiently, bile pig- 
ments may appear in the urine in large amounts. Elimination 
through the kidneys, however, never appears to become im- 
portant for disposing of bile salts, since in severe jaundice 
only small amounts of these substances appear in the urine. 
The body has other effective ways of dealing with them. 

EFFECT OF BILE ON THE KIDNEYS 

The appearance of albuminuria, and at times casts and 
blood in the urine, in jaundice has been observed frequently, 
and various explanations have been advanced. 

When bile was fed to white rats, Gx)per found blood in the 
urine. Previously, similar observations had been made by 
Hoppe-Seyler, Huppert, and Bunting and Brown. De Bruin 
injected a rabbit intravenously with bilirubin in an alkaline 
solution, and casts and hemoglobin appeared in the urine. 
He concluded that bilirubin causes a parenchymatous ne- 
phritis- It is probable, however, that the effects observed by 
him were due to the alkali, since subsequent experiments 
have not confirmed this action by bilirubin, but with alkali 
alone. 

Marked congestion of the kidneys, epithelial necrosis, 
minute hemorrhages, casts, and hemoglobin within the tubu- 



EXCRETION OF BILE IN THE URINE 


17a 

lar lumen were observed by Bundng and Brown after intra- 
peritoneal injection of bile into the rabbit. An extensive 
study was made by Werner of the changes in the renal cells 
of rabbits following subcutaneous injections of small quan- 
tities of ox and human bile. The cells of the tubules degen- 
erated and were so altered that they became detached and 
filled up the tubules. This was attributed to a cytotoxic ac- 
tion on the kidney cells, producing a biliary or toxic ne- 
phritis. Following the injection either of 5 cc. of bile or of 
0.5 gm. of bile salt, Werner found that, if the rabbit lived 24 
hours, the Gmelin reaction was positive. There was a much 
more intensive altering of the kidney with purified bile salts 
than with the same quantity of bile salts in bile. Kidney epi- 
thelium first became yellowish and then stained with osmic 
acid; cells became detached and filled the lumen of the 
tubules; and pale hyaline casts appeared in the urine. 

If there was sufficient damage to the liver, the urine usually 
contained albumin, casts, and even red cells. The blood ni- 
trogen increased, and there was a progressive oliguria. In 
experimental work, with traumatism of the liver of dogs and 
rabbits, the kidneys were affected, even though the damage 
to the liver was not sufficient to cause a noticeable jaundice. 
Human pathology was reproduced in experimental animals. 

The damaged liver tissue elaborates a toxin which acts on 
the kidney, according to Helwig and Schutz. Helwig and Orr 
reported the case of a boy with seriously damaged liver which 
was followed by extreme jaundice, albumin, casts and blood 
in the urine, oliguria, and increased nitrogen and creatinine 
in the blood. They concluded that the poisons from the liver 
acted on the kidney, causing a high-grade nephrosis. Cums- 
ton (411), in reviewing the work of French investigators, 
pointed out that icterus may accompany acute nephritis with 
very mild involvement of the liver. 

A large percentage of all patients with jaundice have an 
associated kidney condition, as shown by albumin, casts, and 
increased blood urea. The increased blood urea usually ap- 
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pears somewhat later in the course of the disease. With in- 
creased kidney impairment the blood urea rises. There is also 
an increase of bile acids in the blood stream. The term 
cholemic nephritis has been applied to this condition of renal 
insufficiency. Usually prolonged retention of bile in the sys- 
tem causes degenerative changes in the renal parenchymal 
cells, as in the cells of other organs. 

The following changes in the kidneys in 7 dogs were ob- 
served by Romeo, following ligation of the common duct: 
(i) degeneration of the epithelium, (a) glomerular distension 
and atrophy of the epithelium, and (3) toxic sclerosis. The 
functional alterations were: (i) neplurosis, single, followed 
by (a) oliguric nephrosis due to trophic glomerular altera- 
tions, which gradually reduce the filtering portion. The 
change from nephrosis to oliguric nephrosis took place about 
the thirty-fifth day of icterus. This work confirmed the ob- 
servation of Feltz and Ritter (566). 

It has been demonstrated more recently, by Horrall and 
Carlson, that all the tojdc effects of bile upon the kidneys can 
be produced by solutions of pure bile salts but not by bile 
pigments; from which it may be concluded that the toxic 
effects upon the kidneys, owing to bile per se and not to 
patholo^c conditions associated with jaundiced urine, are 
due to the bile salts, more specifically to the cholate portion. 

THE TOXICITY OF JAUNDICED URINE 

From the fact that bile is toxic, it might reasonably be 
inferred that jaundiced urine would also be toxic. This mat- 
ter has received attention, especially by the Italian schcTol. 
Colasanti and his collaborators have done extensive work on 
the toxicity of urine, and more particularly on the toadcity of 
urine in jaundice. They studied the relative toxicity of bile 
and urine and found that, when the liver functions normally, 
the toxicity of bile is at its maximum and the toxicity of 
urine at its nunimum. Any condition interfering with the de- 
toxifying action of the liver upon the blood increases the 
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relative tojddity of the urine. The toxicity of both bile and 
urine can be markedly reduced by filtering through animal 
charcoal. 

Bile acids cause an increased secretion of urine, which is 
particularly noticeable in cases of ascites and edema (Stano- 
jevic, Bix, Kaufteil, Adlersberg, Wiegand); but there is no 
evidence as to the mechanism. Under ordinary conditions, 
however, bile acids cause an increased bile volume output 
which is associated with a decreased urine output; therefore 
there is a compensatory water mechanism between the liver 
and the kidney (Sekitoo, Yano). End products of metabolism 
are likewise cared for under pathologic conditions (Faludi). 
On the other hand, Lucke, working with residual oxygen and 
nitrogen in bile, concluded that a compensatory mechanism 
of the kidney and liver is not possible. In rabbits with phos- 
phorus and carbon tetrachloride poisoning, causing deficiency 
in the liver, the blood chlorides increase conspicuously; there- 
fore, there is a compensatory chloride mechanism (Maruno). 

The pH of urine in obstructive jaundice and following the 
injection of bile acids is increased (Chashi, Kawada). The 
increase in pH is parallel with the increase in specific gravity 
and with the amount of bile acid injected (Kuramoto). The 
NHj output in dog’s urine is decreased (Kawada), and Ca 
output in rabbit’s urine is increased (Iwado). After ligation 
of the common duct, bilirubin is excreted by the epithelial 
cells of the urinary canals of the kidney, which (Saiki) is 
called a reciprocal mechanism; this is much more easily dem- 
onstrated in the dog than in the rabbit, as the renal threshold 
of the former is much lower. The renal threshold depends al- 
so on the type of bilirubin, for very little indirect-type 
bilirubin is excreted in the urine (Bensley). Since cholemia 
and uremia are clinically counterparts and influence each 
other, Matsuda thinks a hepatorenal disease should be recog- 
nized. This idea is further supported by the fin di ngs of Boyce 
and McFetridge in their 34 cases of Uver deaths. They con- 
cluded that the water-soluble toxic substances released from 
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necrosed liver cells cause changes in the kidney cells. The 
kidney changes are secondary to liver obstruction. 

The waste products of cellular disint^ration are the chief 
cause of the toxicity of the urine in jaundice, according to 
Bouchard. The toxicity of jaundiced urine is greatly dimin- 
ished when decolorized with animal charcoal. It has been 
shown more recently by Horrall that filtering either bile or 
urine through animal charcoal until decolorized actually 
diminishes the specific gravity, which is parallel with the 
diminution in its toxicity. 

There have been numerous attempts to discover the exact 
substance in jaundiced urine that causes the increased 
toMcity: Neukomm (1376), Frerichs (634), Kiihne (1034), 
Bellati (137), Colasanti (377), Huppert (873), and Feltz and 
Ritter (570). Briicke transplanted a ureter into the inferior 
vena cava in the rabbit, cat, and dog, shunting the urine into 
the blood stream, and concluded that death resulted from 
“nephrogene Gifte” and that there was a disturbance in the 
protein change, causing the formation of secondary active 
poisons. He also concluded that the kidney is not a filter 
organ. On the contrary, Marx and Heupke concluded that 
there are changes in the salts, organic constituents, and 
colloids in the blood; but no attempt has been made to de- 
termine the chemistry of the toxic substance. When the re- 
sidual nitrogen was increased, tubular nephritis appeared; 
but the poisonous eflFects could not be produced by ammonia, 
alcohol-insoluble organic salts, urea, or urine pigments. The 
substance is thermostable, alcohol-soluble, and ether-insolu- 
ble, according to Okuizumi. When bile acids were fed, the 
urine was not the channel of elimination; and even in jaun- 
dice, very little of the bile acick was found in the urine by the 
Pettenkofer test. The taurocholic acid is probably broken up 
and eliminated as sulphates in the urine, according to 
Schmidt and Clark; but the cholic portion is eliminated as 
such in only a very small degree. 

From experimental evidence there seems to be no adequate 
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explanation for the increased toxicity of jaundiced urine, at 
least on the basis of biliary constituents. Jaundiced urine, of 
course, may contain bile acids in combination with, or in the 
presence of, other substances, interfering with the Petten- 
kofer reaction. It has been shown by Lyon-Caen that the 
Hay test for decreased surface tension due to bile salts in the 
urine is very inaccurate in the presence of albumin in the 
urine, which unfortunately usually occurs in jaunchce. Lyon- 
Caen found a lowered urine surface tension to be evidence 
that bile salts are present though bile pigment is absent. 
Bile salts, being diffusible, are more rapidly excreted through 
the renal filter; and, following complete icterus, bile pigment 
alone may be retained in the plasma, a condition known as 
renal dissociation jaundice. 

The superficial tension of urine has been tested by the 
stalagmometer, which showed a tension of normal urine run- 
ning approsdmately 950; with injection of salts of 3 gm. in 
10 cc. of physiologic serum intravenously into a man, there 
was a drop in the superfidal tension of the urine within 4 
hours to 700. Urine returned almost to normal within 8-12 
hours. With the injection of the same amount of bile salts 
into a person with hepatic disease, the superficial tension of 
the urine was depressed with the same rapidity as with urine 
from a normal person, and to the same extent; but recovery 
to the normal superfidal tension took place over a period of 
4-5 days. Bile salts provoke an increased toxic hepatitis simi- 
lar to that caused by salvarsan and chloroform, thereby 
causing a retention of bile salts in the blood stream (Chabrol 
and Marimin [337]). In ic^e total the superficial tension of 
the urine is between 700 and 850 (B6nard). 

Bile adds were used by Lebermann to produce a diuretic 
action in patients suffering from oliguria and edema caused 
by decompensated heart lesions. Sodium dehydrocholate, 2.0 
gm., ^ven intravenously and by mouth to such patients, 
showed good results. 
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r£sum£ 

From the material presented above, certain general con- 
clusions may be drawn. The kidneys normally play no role 
in the metabolism or elimination of bile pigments or bile 
salts, but their action in detoxification of the blood is com- 
plementary to that of the liver excreting mechanism. In 
jaundice the kidneys perform an emergency function in the 
elimination of bile pigments and to a lesser extent of bile 
salts, also to an unknown extent in the elimination of other 
toxic substances which would ordinarily be eliminated in the 
bile. In the process, damage occurs to the kidneys, which, 
though hardly to be termed nephritis, is associated with in- 
jury to the tubular elements, with characteristic symptoms 
of albuminuria, hematuria, and the appearance of casts in the 
urine. The toticity of j aundiced urine is materially increased, 
owing to bile salts and altered organic substances as yet un- 
determined. 



CHAPTER XVI 

ACTION OF BILE ON THE UTERUS 

l l '^ILE causes the isolate d uterus to contract. Kehrer 
' (992’)> 1908, was the first to test the eflFect of bile 

^ and bile salts on uterine muscle strips in Ringer’s 
solution. Fresh bile from gallbladders of dog and ox in con- 
centrations of 0.10-0.20 gm. in 200 cc. of Ringer’s solution 
caused increased contractions of the suspended strip; i cc. of 
bile caused the tone and activity to increase even to tetanus. 

Experimenting with the excised uterus, Cantoni, in 1914, 
observed a decrease in contractions produced by bile and bile 
salts. This applied to the contraction of the pregnant uterus 
but never to the virgin uterus. The amplitude was never in- 
creased, but the tone was increased even to tetanus. High 
concentrations depressed the action of the uterus. These re- 
sults with the muscle of the uterus were similar to those of 
Berti (160), in 1909, with intestinal strips. 

The automatic contractions of the uteri of virgin and 
pregnant guinea-pigs were stu(fied by Hofbauer, 1928. The 
whole uterine horn, together with a strip of pregnant uterus 
4 cm. long, was immersed in 50 cc. of Locke’s solution. 
The spontaneous contractions were inhibited by the ad- 
dition of I cc. of i of 1% socfium glycocholate. Pituitrin 
caused increased contractions. The eflFect of bile on the vir- 
gin, early-pregnant, and late-pregnant uterus was the same. 
A hyperbilirubinemia has been reported in pregnant women 
by Schluns and by Sustrunk. It occurs in about 67 per cent 
of the cases, according to Lepehne and others. This has been 
referred to under the subject of bilirubin. 

The cause of abortion and premature labor has been at- 
tributed frequently to the action of bile or bile adds on the 
uterus, but probably here the cause was general intoxication. 
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In very severe jaundice, the bile in the blood does not have 
sufficient concentration to affect uterine contractions in 
vitro. Nontoxic bile-pigment retention does not explain ec- 
lampsia. If there were a sufficient increase in the toxic bile 
salts, these assumptions could have a possible basis. Jaundice 
in pregnancy may, of course, be only a symptom of a patho- 
lo^c process in the liver or elsewhere. From the evidence we 
cannot conclude that bile retention itself predisposes to or 
causes miscarriage. 

No data are available on the effect of jaundice on men- 
struation and conception. This would be an interesting field 
for observation. 

The development of the ovary is stimulated by bile, ac- 
cording to Chinomiya (1948, cited); and the development of 
the testes is retarded in young experimental animals, as was 
shown by the daily injection for 19 days of ao mg. of sodium 
taurocholate, wluch Chinomiya thinks contains an anti- 
musculin substance. 

Thelykinin, an oestrus-inducing hormone, has been found 
in commerdal sodium taurocholate and fresh human bile, by 
Gsell-Busse. This action is not inherent in bile salts, accord- 
ing to the work of Haterius on spayed adult female rats, and 
30-day-old female rats. He used subcutaneous injections of 
commercial sodium taurocholate (Eastman*) and sodium 
glycocholate (Merck*). The action of estrogen (Parke, Davis 
and Company*) was neither inhibited nor accelerated by 
subcutaneous injections of sodium taurocholate. The effect 
of bile acids on the permeability of the placenta was studied 
by Nattan-Larrier. A heteroserum given intracardially to 
gmnea-pigs and rabbits cfid not pass into the fetus; but when 
bile salts were injected, followed in 10 minutes or longer by a 
similar injection of horse serum, the fetal blood contained the 
heteroserum. Sodium taurocholate and sodium glycocholate 
were equally effective. 

^ Manufacturers. 
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ACTION OF BILE ON THE GASTRO- 
INTESTINAL SYSTEM 

AFTER bile enters the intestine, a portion of it is 
normally absorbed and some of it excreted in the 
feces. Under certain conditions, such as diarrhea, a 
larger portion is expelled in the stoo l. Bile is entering the 
intestine almost continuously, even during a fast of from 15 
to 30 days by man and 60 days by dog (Carlson). 

The action of bile in the intestine on intestinal motility has 
been the subject of much irregular investigation. It is prac- 
tically impossible, in experimental work, to simulate the nor- 
mal application of bile to the intestinal mucosa. Bile is nor- 
mally introduced continuously into the intestine of most 
animals, with periodic increases along with the passage of 
food from the stomach, so that the semiliquid gastric con- 
tents are immediately mixed with the duodenal juice, pan- 
creatic juice, and bile, making a rather complicated but nor- 
mal mixture of the four fluids. In some animals that do not 
have gallbladders, there is supposedly a more or less con- 
tinuous passage of bile into the intestine. Most of these 
animals are herbivores, and the propulsion of food from the 
compound upper digestive tract is less intermittent than in 
the carnivores. 

Certain methods used by various investigators for deter- 
mining the action of bile on the intestinal motility are very 
questionable. The cut-strip method is certainly abnormal, 
because the animal is killed, the intestine removed, and either 
a longitudinal or circular strip is cut. Cut edges, serosa, and 
mucosa are all exposed to the effect of bile, which acts on all 
cells and certainly neglects none in these experiments. Nor- 
mally bile comes in contact only with mucosa. Also, the ex- 
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trinsic nerve supply is cut off. When a whole section of the 
intestine is immersed in a water bath, bile comes into contact 
with the serosa rather than the mucosa. Furthermore, 
changes of a fraction of a degree of temperature cause marked 
changes in the muscular activity, and changes in the oxygen 
content of the water make serious variations in the records. 

The method of checking expulsion time by the use of beads 
Nor pellets seems fairly accurate; but the method of giving bile 
jlby mouth in large quantities is unsatisfactory because it 
^Mcreates an unnatural condition, as the bile then must pass 
ithrough the stomach before reaching the intestine. Keratin- 
coated bile pills are unsatisfactory , since the bile becomes 
active only after the keratiin is dissolved at some indeter- 
minable and uncertain interval of time and at an uncertain 
position in the intestinal tract. All feeding experiments must 
bear this criticism. The use of the fistula or loop method, in 
which balloons are used, is also criticized because the normal 
intestinal segment becomes active as soon as it is distended 
by its contents; thus the balloon itself is considered a stimu- 
lating agent. 

The effect of bile given intravenously on the motility of 
the gastrointestinal tract is considerably more questionable. 

The earliest mention of bile, in a sacerdotal papyrus writ- 
ten about 1300 B.c. and translated by Erman and Krebs,* 
is for the use of ox bile in prescriptions for enemas. In i68a 
Greuliduo commented; “Bilis est instrumentum plurium, 

* (51 1): “(i) Ein Gutes Mittel zum Kiihlen 

Ochsengalle 1/3 
Kuhmilch 1/3 
Frisches Baumol 1-1/3 
Honig 1/3 

In den After spritzen, an 4 Tagen. 

(2) Oschengalle 1/3 
Kuhmilch 5/6 

In den After spritzen, an 4 Tagen. 

£$ ist gut. 

(3) Aussere Ldden sind es mit denen rich die Rezeptc. 

En anderes, um die Krankheit aus dem Bein zu vertreiben. 

Kalbexgalle 

Fischg^e 

Damit-s^ben.*’ 
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Evacuationum, ac primo quidem catarfeos sive alvi moven- 
dae.” 

STOMACH 

Ordinarily, we do not think of bile as being in the stomach, 
though Carlson believes that at times bile in the stomach is 
> normal, excess of bile jn jth^ stomach, however, causes 

vomiting, as was observed by Bouisson in 1841, when he gave 
'by mouth 120 cc. of bile to a dog. In order to observe the- 
effects, he prevented vomiting by tying the mouth and nose.( 
The dog then soon became weary and downcast.® Bouisson 
was the first to point out the probable relation of bile in the 
stomach to a “bilious nature.” Bile was fed to rabbits by 
Leyden in 1861, and the animals died on the seventh day. 
Nothing abnormal was found at necropsy. Loss of appetite in 
a dog was caused by the feeding of 2 gm. of sodium choleini- 
cum in sausage by Naunyn in 1868. 

The evacuation time of the stomach of man and cat was 
greatly diminished by i gm. of sodium taurocholate given by 
stomach tube. These observations were made with the 
Roentgen ray, by Pannett and Wilson. However, in choledo- 
chogastrostomy of four years’ duration, there was no evi- 
dence of untoward effects of bile in the stomach (Mas- 
trosiomone). 

Bile pills contjuning a total of 25 gm. of bile were fed to 
each of a number of chickens for 3 days by Rywosch (1659) 
in 1891. This was followed by diarrhea and by death on the 
fourth day. At autopsy the mucous membrane of the crops 
of the chickens showed traces of necrosis, and death was at- 
tributed to the direct inflammatory action of the bile. Thus 
it was pointed out that large quantities of bile acted harm- 
fully in the stomach and intestinal tract and caused death. 
Small quantities of bile given by way of the stomach caused 
the appetite to decrease and diarrhea to increase. Rywosch 
further observed that 50 cc. of a 10 per cent solution of ox 
bile, when given to rabbits in the course of 3 days, caused 


* “Traurig und niedergeschlagen.” 
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marked inflammation of the stomach and death of all within 
4 days. 

A man with obstruc tive janndic<>^ according to Simnitzky, 
had a hyperacidity of the gastric juice, owing to an increase 
in free hydrochloric acid. The gastric-fluid quantity and 
concentration were increased. Following release of the ob- 
struction, the gastric secretion returned to normal. A short 
time later, when a second obstruction developed, there was a 
return of the hyperacidity and again an increase in the gastric 
secretory function, which was in proportion to the intensity 
of the jaundice. This procedure is supported by the observa- 
tion of Pannett and Wilson that gastric acidity increases 
more rapidly and ultimately reaches a higher level following 
the intake of food during jaundice. 

Further research should be done on all of these problems. 

Gastric motility of the hunger type was immediately but 
temporarily inhibited by intravenous injection of cc. 
of gallbladder bile per kilogram of body weight in dogs by 
Still and Carlson. The gastric secretion foUovdng a test meal 
was greatly diminished by intravenous bile. However, the in- 
hibitory effect on gastric secretion was more prolonged than 
on gastric motility. Fowls were fed sodium taurocholate and 
sodium glycocholate, by Hosono, causing the gastric secre- 
tion to be greatly diminished. Chronic obstructive jaundice 
is followed by a decrease of the motor activity of the empty 
stomach, a decreased rate of gastric juice secretion, and an 
increased acidity of the gastric juice. 

Alcoholic extracts of bile were fed to 18 rats by Cooper in 
1923. Most of the rats died within 48 hours, all being dead 
by the seventh day. At necropsy the intestines and stomachs 
were hemorrhage, and there were erosions in the gastric 
mucosa in 3 rats. 

SMALL INTESTINE 

A Vella fistula was used by Fubini and Luzzati in 1888 to 
determine the action of bile on the small intestine. The pas- 
sage of a pea through a loop of intestine was timed, and it 
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was found to pass through the lumen more rapidly after bile 
had been injected into the lumen than before. Bile in great 
measure promotes the peristaltic movements of the intestine. 

The intestine of the living rabbit was immersed in a physio- 
logic salt-solution bath by Eckhard to determine the effect of 
bile on the intestine. After injecting i cc. of rabbit bile into 
the duodenum, the intestine was absolutely quiet for 10 
minutes. The injection of 3 cc. into other parts of the small 
intestine was followed by periods of inactivity, lasting from 
15 to 20 minutes. Larger quantities of bile, likewise injected, 
resulted in wavelike movements along the intestine; but 
Eckhard believed this activity to be due to the mechanical 
stimulation caused by the bulk of the fluid. 

The duodenum of the narcotized dog was studied, by 
Hallion and Nepper, by introducing a balloon through an 
opening in the intestine. Tlury-Vella fistulas were also used 
for the jejunum and ileum. Intravenous injections of ox bile 
in 3-cc. and 7-cc. amounts were made before and after tying 
off the common bile duct. Before tying off the duct, the in- 
jection produced gradual dilation of the intestine, followed 
by gradual amplification of contractions and increase of tone. 
When the duct was tied, the injection produced no effect. 
Immediately following intraduodenal injection of bile, there 
was a lowering of tone and a decrease of peristalsis; then the 
tone began to rise; and finally, after 29 minutes, the contrac- 
tions were markedly augmented. The similarity between 
these last-mentioned results and those after intravenous in- 
jection was explained on the basis of the cholagogue action of 
bile in the blood stream. The increased secretion induced in 
the liver was poured into the duodenum, causing greater in- 
testinal activity. Hallion and Nepper concluded that bile in 
contact with the intestinal mucosa has a local stimulating 
influence on the small intestine, espedally upon the duode- 
num. 

A Vella fistula of a cat’s small intestine was used by 
Schupbach for determining the speed of a pellet. Bile had no 
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special influence on intestinal loops except an important, 
though distinct, restraint on the activity. In experiments on 
the intestine in situ, with the animal under morphine-ether 
anesthesia, the abdomen was opened and bile was permitted 
to trickle onto the vigorously moving small intestine.® There 
was immediate cessation of movement. Contractions of the 
surviving intestine, suspended either in Ringer’s solution or 
in blood, were arrested when bile was introduced into the 
suspension liquid.'* The jejunum showed increased peristalsis 
following intravenous injection of bile, as shown by Ott and 
Scott, who used the balloon method. A weakening of activity 
and a decrease in the number of contractions of the small 
intestine by the strip method of M^nus was observed by 
D’Errico. The same results were obtained with sodium glyco- 
cholate and sodium taurocholate. 

An extensive investigation of the action of bile on the en- 
tire intestinal tract has been made by Horrall and associates, 
Drs. Smiley, Regan, and Templeton. This extensive work 
has not previously been reported. The experiments were per- 
formed by the balloon method on unanesthetized dogs after 
recovery from operations making various kinds of intestinal 
fistulas; Thiry-Vella, Vella, double Thiry-Vella, and enteros- 
tomy at various sites, including cecostomy. The dogs were 
not fed for 10 hours preceding an experiment. Dogs were 
trained to lie still on a comfortable pad throughout the experi- 
ments and were fed at the end of each series of experiments. 
One dog, used every day for more than a month, could be 
trusted to trot unleashed from her cage to the laboratory. 
Upon arriving there, she jumped upon the table and lay 
down of her own accord, ready to be blindfolded and to have 
the balloons inserted. The influences of fidght and pain were 
entirely eliminated. Dogs that could not be trained to feel 
at ease were not used. Special mechamcal devices and special 
operative techmc were used to prevent leakage of the intes- 

3 Action of bile on the serosii, not the mucosa. 

* Same objection applies to both ettperiments. 
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tinal contents when the dogs were not being used for experi- 
mentation. The animals remained in otherwise normal con- 
dition throughout the entire time they were used. The 
intestinal contractions were recorded on smoked drums by 
the use of multiple tandem balloons, Templeton method, 
placed in the intestines and connected by rubber tubes to 
manometers. 

The following substances were used in the investigations: 
dog hepatic bile; ox, dog, pig, and human gallbladder bile; 
human fistula bile; sodium glycocholate, taurocholate, cho- 
late, and dehydrocholate. The control solutions employed 
were: water, physiologic salt solution, dog gastric juice, 
pancreatic juice, and a few foods. 

The most significant characteristics of the series of tracings 
for this investigation were: the average height of contrac- 
tions, the average tonus following injection into the gut 
lumen, and the duration of the altered activity. These were 
tabulated for each tracing for the control periods, for the pe- 
riod of activity immediately following injection into the gut 
lumen, and for what we have called the period of “remote gut 
activity.” Duration of the immediate gut activity was con- 
sidered as that time during which there was a distinct change 
from the tonus and averse height of contraction during the 
control period. The remote activity was considered as that 
which followed, for a variable time, the immediate activity. 
In a large percentage of cases it was distinctly different from 
both the control and the immediate effect in tonus and height 
of contractions. 

Gallbladder bile of the ox, injected into the duodenum, 
produced a curve of increased activity very similar to that of 
sodium glycocholate and dog gallbladder bile. 

A period of relaxation frequently preceded the stimulation 
produced by the injection of one of these substances. In 45 
per cent of the instances in which sodium glycocholate and 
dog gallbladder bile were injected, this dilatation of the gut 
was indicated by one or all three of the balloons. Dilatation 
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occurred in 28 per cent of the injections of dog gastric juice 
and in 9 per cent of the injections of physiologic salt solution. 
The large proportion of instances following the injection of 
bile or bile salt, causing a primary dilatation before the 
stimulation, would indicate that these substances have a 
definite relation to this particular action of the gut. 

It was observed in 21 control injections of physiolo^c salt 
solution that at body temperature the injection of 4 cc. in 45 
seconds caused no change in the tonus, average height, or 
rate of contractions occurring. Constant temperature, quan- 
tity, and rate were used for the greatest part of these investi- 
gations. 

In four experiments on duodenal fistula dogs it was found 
that, if the dog had been fed within 6 hours, the gut was in 
such high tone and so highly active that the injection of any 
of the substances being studied produced little, if any, effect. 
During these experiments intestinal contents streamed from 
the fistula in intermittent gushes. 

Experiments on dogs with both duodenal and gallbladder 
fistulas with tandem balloons inserted in the intestines to- 
ward the pylorus demonstrated that sodium glycocholate in- 
jected into the gallbladder caused the emptying of that organ 
with increased intestinal activity similar to that resulting 
from the injection of bile into the gut lumen by way of a tube. 

Four tradngs were made on duodenal fistula dogs from ^ 
to 2 hours after feeding a small quantity of milk or cream. 
In three of these experiments, increased activity was coin- 
cident with the flow of bile-colored fluid from the fistula. 
The fourth experiment showed a very active gut, which re- 
laxed for about i minute following each flow of bile-colored 
material from the fistula. Considering the last-mentioned ex- 
periment an expression of the same sort of activity as was 
demonstrated in the first three, but presented in a different 
time phase, the evidence here would indicate that bile flowing 
into the intestine normally causes an increase in activity. 
The results of similar experiments by Hallion and Nepper 
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lend some strength to the evidence that bile from the liver 
flowing into the duodenum — during digestion, for instance — 
may cause an increased activity of the gut. 

k£sum£ 

From the various results set forth above, it is indicated 
that bile has the particular characteristic of stimulating gut 
activity. Bile and bile salts acting through their natural 
channel, the intestinal mucosa, have a temporary local 
stimulating effect on the motility of the small intestine. 

COLON 

Diarrhea was observed incidentally, by Whipple and 
Smith (2096), in dogs to which large quantities of bile, 21 
gm., had been given by mouth. They say that there is no 
quantitative test for the bile salts in the feces. 

The amount of bile passed in the feces of a dog weighing 
8 kg. was estimated by Bidder and Schmidt. The solids of 
the bile passed in 5 days weighed 38.52 gm. The feces con- 
tained only small traces of bile. The bile of these dogs con- 
tained 6 per cent sulphur. If all the sulphur of the bile had 
been excreted in the feces, it would have amounted to 2.37 
gm.; but only 0.334 gm. of sulphur was found, and so it was 
evident that very little of the taurocholic add which passed 
into the intestinal tract was excreted therefrom. 

There have been various arguments as to what becomes of 
the bile after it has been thrown into the intestinal tract. 
The consensus of opinion at the present time is that some of 
the substances, such as bile acids and possibly some of the 
pigments, are reabsorbed and conserved, while other sub- 
stances, such as cholesterol, are purely excretory products. 

Bile acids ^ven by mouth caused an increased Pettenkofer 
reaction of the blood from the portal vein, but the Petten- 
kofer test of the blood in the peripheral circulation was not 
affected (Rowntree, Greene, and Aldrich), although these 
bile acids were quickly recovered in the bile by way of a 
biliary fistula. Bile adds in the portal blood were increased. 
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two to three times, 15 minutes after bile salts were injected 
into the duodenum, according to Greene, Aldrich, and Rown- 
tree (715). 

Bile diarrhea, according to Wagner (2028), is due to a 
pathologically increased liver activity, which causes the ex- 
cretion of excess bile into the intestine. Broun, McMaster, 
and Rous (269) observed that bile in sufficient quantity given 
by mouth often acted as a purgative and, in consequence, 
may itself be so rapidly hurried through the bowels as to 
appear unchanged in the stool. This took place in several of 
the experimental animals. Rohrig also injected bile salts per 
rectum, following which he observed a slow pulse and other 
toxic symptoms followed by death. The action of bile salts 
injected into the rectum was as rapid as bile injected in- 
travenously. Injections of bile acids in 10 per cent solution 
into the rectum of rabbits were followed by diarrhea (Leyden 
[i 105]). The absorption of the bile acids by the lower portion 
of the large intestine was proved by the finding of bile acids 
in the urine of the injected rabbits. 

Following intravenous injection of bile acids, Feltz and 
Ritter (566, p. 576) observed the animals licldng their lips 
as if something disagreeable was in their mouths. The pres- 
ent writer has also observed this very frequently following 
the intravenous injection of bile or bile acids, and, in addi- 
tion, has usually found that the animals become very thirsty 
almost immediately following the injection. Legg (1082, p. 
193) suggests that the reaction in these animals is due to a 
possible “presence of the bitter bile acid salts in the blood.” 
Many workers have observed marked increase in secretions, 
especially in salivary and nasal secretions following the in- 
jections of the bile acids. 

Schiipbach, Hallion and Nepper, D’Errico, Berti and 
Bernucd, and many others discussed the question as to 
whether the action of bile is on the nerve or on the muscle of 
the intestinal tract. 

Some cases of diarrhea initiated by a foreign substance. 
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even though this substance has been removed by the diar- 
rhea itself, are found to continue. Just what action is present 
is difficult to determine. It may be that an irritated muscle 
is slow to return to normal; it may be that bile, the absorp- 
tion of which is interfered with by the initial diarrhea, is 
carried the entire length of the intestine, now causing the 
continuation of the diarrhea. In the latter case the entero- 
hepatic circulation is abolished, or at least diminished. Not 
only the effect of increased and prolonged action of bile, and 
particularly bile salts, on the intestinal tract but also the 
effect of their absence or diminution on the entire organism 
is here evident. 

The effect of bile on the colon was recently studied by 
Templeton on five dogs with six tandem balloons connected 
with six recording manometers. By this series of balloons the 
immediate and remote effect of injections could be observed. 
Bile and bile salts were injected at various levels of the colon, 
and accordingly the balloons at the different levels recorded 
the motility. He found that the enema most likely to produce 
evacuation was not necessarily the one which increased the 
colon activity, as is generally believed. The effect of the 
enemas may be to produce rdaxation rather than contrac- 
tion. Intracolonic injections of bile produced a marked re- 
laxation of the colon; on the other hand, oil caused increased 
contraction. However, on the other hand, bile was more ef- 
fective in produdng an evacuation, and oil the least effective. 
He believed that a relaxed or quiet colon might indicate an 
urge to defecate. 

By using three tandem balloons, Horrall found that the 
intracolonic injection of bile caused relaxation immediately 
but that this was followed by vigorous contractions. He used 
colostomies at several different levels in dogs. All observa- 
tions were made without anesthesia. The peristaltic waves 
in the caecum were the reverse of those in the rest of the 
colon. The reactions of the different dogs varied considerably 
in intensity and length of time of action. 
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Bile is apparently necessary in the intestinal tract for 
normal bowel movements. Constipation is the rvile in patients 
with jaundice. Where all the bile has been excluded from the 
intestine for a few weeks, cathartics are usually necessary. 
The relation of bile to diarrhea has not been definitely deter- 
mined. 

PEPTIC ULCERS 

Some recent research has been directed toward the relation 
of bile to peptic ulcer. Subcutaneous and intraperitoneal in- 
jections of bile have been the cause of gastric ulcers, accord- 
ing to Sellards (1742). Five per cent sodium glycocholate in 
doses of 0.03 gm. was injected daily into the guinea-pigs. 
Ulcers appeared in 4 out of 7 animals after a or 3 days. The 
rabbits were injected intraperitoneally with 4 cc. the first and 
second days and 7 cc. the sixth day. Numerous lesions were 
found in the gastric mucosa, and there was also evidence of 
old hemorrhage. He questioned whether the mechanism of 
the production of peptic ulcer was initiated by the hemor- 
rhage wWch is common in jaundice or whether it was due to 
anaphylaxis. 

External biliary fistula and obstruction of the common 
duct cause multiple gastric and duodenal erosions (Berg and 
Jobling, and Bollman and Mann [209]). In contrast to this, 
obstruction of the pancreatic duct does not cause ulcers 
(Berg and Jobling), but external pancreatic fistula does. 
Elman and Hartmann observed ulcers in 6 dogs with total 
external pancreatic fistulas of 13 or more days' duration. 
They suspected the Ugh acidity of the stomach, with failure 
of the juice to neutralize it, as bring the cause of the ulcer. 

As previously mentioned, hyperemia and necrosis of the 
mucosa of the crops of cUckens and stomachs of rabbits fol- 
low the feeding of lai^e amounts of bile (Rywosch). Gastric 
hemorrhage follows the feeding of sodium taurocholate and 
sodium glycocholate (Hosano). Ox bile fed to dogs and bile 
(Averted into the stomach by way of cholecystogastrostomy 
cause no disorder in the gastric mucosa of the animal (Oddi). 
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A number of workers have diverted bile through the gall- 
bladder or coiiunon duct into the stomach in experimental 
animals; and surgeons have repeated this work in man many 
times, without ill effects. It would appear, particularly from 
work on man, that the stomach is damaged very little, if at 
all, by the ordinary amount of bile. 

Bile was diverted by Smith (1784) into the stomach of 11 
dogs, and no disturbance was observed; but when an excess 
of hydrochloric acid was added to the stomach, hemorrh^c 
areas and small ulcers appeared. Bile introduced into the 
stomach of a cat or dog in the presence of 0.5 per cent 
hydrochloric acid caused erosions of the mucosa in 28 of 40 
animals. Bile confined in the stomach in the presence of 0.5 
hydrochloric add caused necrosis of the epithelium and 
hemorrhage in the mucous membrane, with resultant super- 
ficial ulcers. The action of bile-hydrochloric-acid mixture is 
much more toxic to the gastric epithelium than either bile or 
add alone. The power of bile acids to produce gastric ulcers 
is increased by additional feeding of thyroxin to guinea-pigs 
and is inhibited by the feeding of lecitHn (Schmidt). Feed- 
ing the thyroid with bile salts induces ulceration (Trincas). 
Cholesteryl oleate is antagonistic to bile salts in gastric-ulcer 
formations (Ishii). 

Duodenal ulcers were found by Kapsinow in 17 of 43 dogs 
with complete external biliary fistula of more than 1 weeks’ 
duration. The bile was drained through an anastomosis of 
the gallbladder with the pelvis of the kidney. Similar ulcers 
were described by Berg and Jobling in 13 of 23 dogs with 
total bile exclusions from the duodenum. The exclusion was 
produced by complete obstruction of the common bile duct 
or by drdnage to the outside. They suggested that mucus in 
the bile is the protective component, and that, by covering 
the surface epithelium, it prevents the action of gastric juice 
on the epithelium. 

It is rather interesting to observe the protective action of 
bile against gastric ulcer. In 14 dogs bile was diverted into 
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the stomach, and in 8 other dogs pancreatic juice was like- 
wise diverted. Of each group, ulcers developed in 5 dogs after 
gastrojejunostomy (Graves [706]). Hence pancreatic juice is 
more likely to cause ulcer than bile. 

Obstructive jaundice was produced by Bollman and Mann 
(209) in dogs by double ligation and section of the common 
duct; at the same time they removed one to three lobes of the 
liver. At autopsy 64 animals that had survived from 5 to 295 
days showed peptic ulcers; 23 dogs living from 21 to 195 days 
did not show ulcers. The ulcers were located at various places 
in the stomach and duodenum. The most common cause of 
death of these jaundiced animals was perforation of the ulcer 
with resulting peritonitis; the next was hemorrhage into the 
gastrointestinal tract. Bile by mouth had no preventative ac- 
tion. Bollman and Mann did not offer any explanation as to 
the mechanism involved; nor were they willing to draw a 
parallelism with man. 

Glycerol and cholesterol, according to Tashiro and Oliver, 
had no antagonistic action on bile salts and did not inhibit 
the ulcer-forming power of the bile salts. Tsuruta repeated 
the work of Sellards and then added to the bile, before injec- 
tion, stearic acid, crude phosphatides, lecithin, and cholesteryl 
oleate, and found that these protected agmnst the formation 
of peptic ulcer. 

The present writer is unable to find any direct clinical 
relationship between ulcer and jaundice. Ulcers do not occur 
in dogs with jaundice due to ligature of the common duct 
unless these ulcers occur very late in the course of the disease. 
The malnourished animals have general cacheda, and there 
is no effort of repair about the edges of the ulcer. These \il- 
cerations probably occur after the dogs become moribund. 
Since the gallbladder is able to protect itself by a very slight 
acid secretion, it is improbable that the entering of bile into 
the stomach, which secretes a relatively large amount of 
acid, should cause ulcer. 

Following fatal intraperitoneal or intravenous injection of 
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bile into dogs, the writer has frequently seen numerous small 
hemorrhage areas in the intestinal tract, few in the stomach, 
many in the small intestine, and few in the large intestine. 
These hemorrhage spots varied in size from pin point to 2 or • 
3 mm. in diameter; and if the dog remained moribund for a 
few days, sloughs appeared. It may be presumed that in- 
travenous bile causes disintegration of the capillary wall or 
increases its permeability, so that there could be a small 
hemorrhage; or that the bile which was absorbed from the 
peritoneal cavity and that given intravenously cause small 
emboli, which lodge in the arterioles and produce the hemor- 
rhage; or that the blood is so altered that it passes more easily 
through the blood-vessel wall. Increased coagulation time in 
jaundice is a possible factor in causing ulcers by permitting 
hemorrhage with subsequent necrosis. It is uncertain wheth- 
er bile causes the ulcer directly or indirectly. Why the sub- 
cutaneous or intraperitoneal injection of bile, or the obstruc- 
tion of the common duct, or external biliary fistula would 
also cause peptic ulcers is certainly not evident. The protec- 
tive power of the bile in the stomach by regurgitation or in 
the duodenum as a neutralizing agent of the gastric acid has 
been suggested. Thus, the absence of bile, with its subse- 
quent marked cacheria rather than its presence, would be 
regarded as the cause of peptic ulcer. The feeding of bile to 
animals having ulcers with cachexia from biliary fistula 
causes the ulcers to heal or even prevents their formation 
(Blanck). The prevention of ulcer or its healing is related to 
the general normal nutrition produced by the normal amount 
of bile. 

INTESTINAL OBSTRUCTION 

The relation of bile to the intoxication in intestinal ob- 
struction has been questioned, but adequate experimental 
evidence either for or against it is lacking. It is well known 
that the higher obstruction is much more toxic than the 
lower, and that bile is much more concentrated in the upper 
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gut than in the lower; but the exact relation has not been 
determined. Serious toxemia may be entirely independent of 
bile. Bile may even be beneficial, acting as an inhibiting 
i agent on the toxic pancreatic juice, as suggested by Saito. 

The recent work of Benedict, Stewart, and Cutner offer 
evidence tha t bile is beneficial in obstruct ion. 

The recent discovery of Bacillus welchii in the vomitus in 
intestinal obstruction, the development of a culture media in 
the intestines by the obstruction, and the observations that, 
when bile is injected into the peritoneum, B. welchii develop 
very rapidly may offer new channels for research. 

The role of bile in int estinal obstruction needs investiga- 
^tion. 



CHAPTER XVIII 


ACTION OF BILE ON BACTERIA 
AND TOXINS 

A NTISEPTIC properties have been attributed to bile, 
mdnly because of the augmentation of the putrid 
* odor of feces and gas caused by the absence of bile 
from the intestine in obstructive jaundice. The feces are de- 
colorized and contain much fat, indicating the absence of 
bile. The pollution is attributed to intestinal bacteria which 
grow in the absence of bile; from this it can be deduced that 
bile either kills bacteria or prevents their growth, accord- 
ing to Saunders, Tiedemann and Gmelin, and von Gorup- 
Besanez. 

Meat and albumin were put into solutions of bile acids by 
von Gorup-Besanez (2014) in 1846. The mixture was kept 
for 48 hours at body temperature. At the end of this time 
there was no trace of putrefaction. The control tubes con- 
taimng meat or albumin andplwn water, treated in the same 
way, gave very distinct signs of putrefaction in 24 hours. 
Bile delayed fermentation of syrup solution, urine, and the 
like. 

The absence of bile from the intestine results in the failure 
to absorb fats, and a large amount of fat prevents digestion 
of the protdin because of the fat envelope about the protrin 
masses. This permits the activity of putrefactive bacteria un- 
der cover of the fat incasement, thus producing putrefactive 
products and odors. Bile, for these reasons, has been called 
an “antiseptic.” 

Bacteria passes through the intestinal wall in acute in- 
testinal obstruction, according to McClure. Was the weaken- 
ing of the intestinal wall caused by bile? 

StolnikolF placed in bottles: (i) bile and water; (2) fibrin. 
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bile, and water; (3) fibrin, fat, and water; and (4) fibrin, fat, 
bile, and water. The gases ^ven off were collected over mer- 
cury for 2 months. Number i gave off no gas; No. 3 gave off 
the most gas, which was 92 per cent carbonic acid. The con- 
tents of the bottles were then analyzed and were found to 
contain cholic acid, taurin, and glycocoll. From this 
StolnikofF concluded that the bile acids may delay putrefac- 
tion but do not prevent it entirely, as even the bile and water 
solution contain new split products. He also concluded that 
the function of bile is not to prevent putrefaction in the in- 
testine but to increase intestinal absorption. 

An examination of gallbladder bile for bacteria and experi- 
mental inoculations of sterile bile with bacteria should give 
new information on this subject. Some bacteria are Idlled by 
bile and bile salts, while other bacteria grow, such as typhoid 
and typhus, depending on the pH (Schultz-Brauns). Koch’s 
cholera bacillus, spirillum from Indian cultures, and Eberth’s 
and Ribbert’s badlli all grow vigorously in sterile ox-bile 
inoculations (Sherrington [384, cited]). 

Gallbladder bile and gallbladders were obtained at opera- 
tions and examined bacteriolo^cally by Mestitz and Ritter 
in 1928. Of 80 cases, 33 (41.25 per cent) were sterile. Bacillus 
coli was present in 16 cases, 5 times with other germs. 
Staphylococci were present in 15 cases: S. albus, 12 cases; 
and S. aureus, 3 cases. Streptococci were present in 12 cases. 
Bacillus typhosus, B. paratyphosus, B. lactis aerogenes, and 
B. faecalis alcaligenes were each present in i case. Bacteria 
were present in the bile in the gallbladder in 58 per cent of 
735 cases operated on at Johns Hopkins Hospital and re- 
ported by Blalock. The postoperative <fiagnosis was gall- 
stones in 599 cases and cholecystitis in 136 cases. Bacillus 
coli was present in 49 per cent of these cases and B. typhosus 
in 19 per cent. 

Gallbladders and gallbladder bile obtained at operation 
from 66 men and 352 women were examined by Schultze. Of 
these, 13 1 contained bacteria; 66 contained B. coli, B. lactis 
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aerogenes, and paracolon bacilli; 15, streptococci — mostly 
green; 9, B. typhosus; 5, B. paratyphosus; ii, S. aureus; 9 
S. albus; 8, B. proteus and B. fluorescens; 7, mixed with B. 
coli; and i, spore-former. 

The human bile passages contain many bacteria, according 
to investigation of the contents removed at operation or by 
duodenal drainage. Thorsness found that, out of 75 gallblad- 
ders removed, 30 were sterile and that, out of 59 from which 
bile only was removed, 50 were sterile. Hanssen found that, 
in specimens obtained by cholecystectomy, 32.7 per cent were 
infected from duodenal drainage and 75 per cent showed 
mixed cultures. Nickel said that the majority of gallbladders 
removed at operation were infected. Lyon observed that only 
16 per cent were sterile when bile was removed by duodenal 
tube. 

Although many bacteria are killed by bile, in icterus, 
where there is a “supercharge” of bile, the patient is very 
prone to severe malignant infections. The bactericidal power 
of jaundiced blood may be lowered. 

Bacillus anthracis, spirilla, B. prodigiosus, and cocci were 
isolated, by Copeman and Winston, from human bile ob- 
tained from a case with biliary fistula. Bile could not be re- 
garded as an antiseptic agent in the strict sense of the term, 
although it doubtless had some effect in preventing putrefac- 
tive processes in the intestine. Bile favors the development 
of certain bacteria, such as B. coli, but inhibits the anaerobes 
(Lagane). The solubility of pneumococci in bile was detected 
by Neufeld. He attributed it to the bile acids. Mixtures of 
pneumococci cultures and bile were injected intravenously 
and subcutaneously, and all the animals lived. Smaller quan- 
tities of pneumococci without bile were injected in control 
animals, and all died. The bacteriolytic action of the soaps of 
unsaturated higher fatty acids isolated from ox bile has been 
demonstrated by Kozlowski. Pneumococci were dissolved in 
I hour by these soaps in solution of i : 50,000, whereas bile 
kills in 1 : 5,000 dilution. 
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According to Downie, Stent, and White, all normal strains 
of pneumococci are equally susceptible to the lytic action of 
bile salts. Of the rough strains, five are equally soluble, while 
one is completely resistant. No parallelism exists between 
lytic activity and surface tension of solutions of the various 
bile salts. Sodium dehydrocholate and sodium dehydro- 
desoxycholate do not cause lysis. 

Since bile has a spedfic cytolytic power for pneumococci, 
several attempts have been made to use bile or bile salts in 
the treatment of pneumonia. Experimenting with white 
mice, Hilgermann injected intraperitoneally sufficient pneu- 
mococci and virulent streptococci to cause death in 48 hours. 
This injection was followed by the injection of dilute bile or 
bile salts subcutaneously. The mice receiving the injections 
of bacteria and bile lived; but the controls, recdving only 
bacteria, died. He conduded from animal experiments that 
the alkali of bile adds can be used for prophylactic purposes. 
This is not an example of internal disinfection. 

Bile is lytic for virulent pneumococci, according to Rei- 
mann; but pneumococci adapt themselves to live and multi- 
ply in high concentrations of bile. After repeated growths in 
bile, pneumococci become less virulent. Bile salts accelerate 
the autolysis of live gonococci in vitro but have no effect on 
dead cocci (Price). 

Increased alkalinity of the bile has a marked inhibiting 
effect on the bacterid action; thus, in bile that is strongly 
alkaline the bacteria are either destroyed or become latent. 
As soon as the bile is diluted, the alkalinity decreases and the 
bacteria become active (Beckmann). An attempt was made 
to alkalinize the bile in Rous fistula dog and in man with a 
postoperative biliary fistvila; but sodium bicarbonate, ^ven 
orally, according to Ottenberg and Kahn, had no effect on 
the pH of the bile. The liver eliminates bacteria from the 
general and portal circulations (Futterer). Bacteria may be 
present in the bile for a considerable length of time and re- 
main inactive until proper conditions for growth arrive, such 
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as a decrease in alkalimty of the media. Bacteria may get 
into the bile through the liver, walls of the bile ducts, or by 
ascending from the duodenum. 

The old \dew was that the liver removed the bacteria from 
the body as an act of self-purification. The KupfFer cells were 
phagocytic and discharged the bacteria into the bile capil- 
laries. Bacillus pyocyaneus was injected intravenously into 
26 rabbits, and the bile from an ordinary fistula was sterile 
after an interval of 105 minutes in all instances. The heart 
blood was positive. But when there was liver damage due to 
ether, chloroform, urethan, or phosphorus, bacteria were 
found in the bile. The blocking of the endothelial system 
with India ink had no effect on the passing of bacteria from 
the blood to the bile. Popper concludes that the removal of 
bacteria is not a specific liver function but that the passing 
into the bile is due to a disturbance of the barrier. 

Bacterium dysenteriae of Shiga has been cultured from 
human blood by the aid of i-io per cent sodium taurocholate 
by Pfannenstiel and Kortmann. In this instance small quan- 
tities of bile or bile salts not only did not inhibit bacterial 
growth but accderated it in the blood cultures. Ox gall, full 
strength, inhibited the growth. Calalb stated that a small 
quantity of ox bile inhibits the action of the bacteriophage 
without destroying it. This action may explain the continued 
presence of typhoid badlH in the gallbladder. Badllus 
typhosus virus is attenuated by bile (Dimitrijevi6-Speth). 

The endotojdns and exotorins of B. coli were destroyed in 
vitro in a few hours by sterile beef bile (Vincent). A mixture 
of 3 cc. of ox bile and 200 lethal doses (for a guinea-pig) of 
tetanus toxin was injected into the peritoneal cavity of a 
rabbit without causing any ill effect. Badllus coli toxin, 1.5 
cc., given intravenously, killed a rabbit; but the same amount 
of toidn, plus 1.5 cc. of beef bile, ^ven intravenously, had no 
effect. Subcutaneous injections caused abscesses. Vincent 
also pointed out that bile detoxifies the toxins of B. coli and B. 



BACTERIA AND TOXINS 


201 


tetanus in vitro and in vivo. An immunity is obtained by re- 
peated injections of a mixture of bile and bacterial toxins. 

With the newer knowledge of the effect of bile on bacteria, 
particularly on B. welchii, we wonder if, in intestinal obstruc- 
tion, bile in the upper intestine increases the permeability of 
the intestinal mucosa. The bile is more concentrated and in 
a freer state in the upper intestine than in the lower, and high 
intestinal obstruction is far more toxic than low obstruction. 

Several types of bacterial growth are stimulated by the 
addition of bile, according to Meyerstrin. It is clearly a 
nutritive medium without any additional substance needed 
for B. pyocyaneus. Bile is an excellent medium for B. coli if 
a small amount of other substances is added. A very small 
amount of bile in cultural media, however, inhibits the 
growth of S. pyogenes aureus. Eighteen different kinds of 
bacteria, including staphylococci, streptococd, B. pyocya- 
neus, B. coli, B. typhosus, B. paratyphosus, A. and B., 
Flexner’s bacilli, B. aerogenes, etc., ail grew in lo per cent and 
70 per cent bile (Drennan at Mayo Clinic). In 19 per cent of 
gallbladders of man removed at operation the fluid content 
of the gallbladders contained bacteria. 

The antiseptic action of bile in the animal body has not 
been definitely proved; some intestinal bacteria seem to 
thrive in bile. Intestinal putrefaction may occur because of 
the absence of the normal motility of the gut when normal 
bile salt stimulation of the tract is lacking. This stasis may 
give time for the putrefactive organisms to work on the pro- 
tdns. On the other hand, the products of putrefaction seem 
to stimulate the intestine, causing diarrhea, bringing more 
bile downward. Occurrence of large amounts of indican and 
phenol in the urine in jaundice indicates an increased intes- 
tinal putrefaction. 

Bile plays a definite role as a detoxifjdng ^ent, according 
to Hayakawa. Substances which are poisonous are rendered 
inert % the adcHtion of bile. Certain poisons are destroyed. 
Organic poisons which are normally detoxified by the rabbit 
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are quantitatively less detoxified after the common duct is 
ligated. The active detoxifying substances in bile are the 
salts of cholic acid — sodium glycocholate, the most effective; 
then sodium taurocholate; and least active, sodium cholate. 
Bile has no effect on Wstamine, peptone, choline, homologous 
serums, hemolyzed blood, spoiled meat, tetradotoxin, cobra 
venom, and dysentery vacdne. Some organic poisons are not 
affected, while others are completely detoxified. 

Bile does not destroy B. typhosus or B. paratyphosus, but 
acts more favorably on thdir development (Pancalos). A rab- 
bit weighing 750 gm. was given an intraperitoneal injection 
of 5 cc. of a 24-hour culture and died in 12 hours. Bacilli were 
found in the peritoneum and in the heart blood. Another rab- 
bit was ^ven an intraperitoneal injection of the same number 
of typhoid bacteria, grown in bouillon, to which enough beef 
bile had been added to make a 25 per cent solution. It had no 
effect. Four days later 5 cc. of 24-hour culture were injected, 
and the animal died. Permanent immunity had not been es- 
tablished. In a third experiment the same bile typhoid cul- 
tures were used. Ten days later plain bouillon cultures were 
injected with no effect. Pancalos concluded that bile is not 
harmful or antiseptic to typhoid bacilli but has an antitoxic 
action which is very marked. 

Small quantities of ox bile inhibit the lysant property of 
the bacteriophage vrithout destroying it. This may explain 
the fact that in typhoid fever and in typhoid carriers the 
bacilli linger longest in the gallbladder (Calalb). 

Ox bile and human bile interfere variously with different 
strains of bacteriophages but are less inhibitory than blood or 
serum. Bile inhibits the phage against B. coli and B. 
typhosus less than against streptococci and staphylococci 
(Applebaum and Patterson). Human bile was investigated 
for phages in 30 cases, and none was found. Ten per cent of 
the specimens were sterile (Kanzler). 

Vaccine virus is partially destroyed, as concerns the pro- 
duction of skin pustules in rabbits; but the vaccination does 
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not confer decreased immunity (Courtois). Dysentery toxin, 
mixed with bile salts before injection, become very much less 
toxic for rabbits (Auguste). 

xisuM]^ 

Bile, under ordinary conditions, is sterile but is not bac- 
tericidal. This has been questioned by some investigators, 
but the pathogenicity of the organisms they recovered has 
not been proved under the conditions in which they are 
found. If this action of bile is not toxic, it is surely antago- 
nistic. 



CHAPTER XIX 

BILE AND ACUTE PANCREATITIS 


B ile injected into the pancreatic duct causes acute pan- 
I creatitisj according to Opie (1417). In an experiment 
the injection of 5 cc. of dog bile into the pancreatic 
duct of dogs caused death in 50 per cent of the dogs within 24 
hours. A large number of case reports of death from acute 
pancreatitis have been cited in which, at autopsy, stones were 
found in the common duct near the orifice, obstructing the 
outflow of bile and easily diverting it into the pancreatic 
duct, with hemorrhage in the pancreas. Bile has been forced 
into the pancreatic duct by small gallstones lodged in the 
diverticulum of Vater, making a mixture of pancreatic juice 
and bile, which caused acute pancreatitis and death. 

Experimental acute pancreatitis was produced by the in- 
jection of sterile bile into the pancreatic duct by Whipple and 
Cook. Edema and hemorrhage were evident within 5-10 
minutes following the injection. They concluded that the ex- 
tremely early intoxication is due to 'protein-split products. 
Spasm of the sphincter of Oddi diverts the bile into the pan- 
creatic duct, according to Archibald. Acute pancreatitis was 
produced also by injecting bile into the duct of Wirsung in 
dogs, causing death in 24-48 hours (Brocq and Morel). 
Necropsy revealed an effusion of blood in the abdominal 
cavity, hematoma of the pancreas, and patches of fat necrosis 
in the pancreas and greater omentum. 

This work was repeated with goats by Mann and Giordano. 
Bile was injected into the pancreatic ducts of 3 goats without 
produdng acute pancreatitis, although there was a slight 
local necrosis. The common duct in 5 goats was ligated with- 
out causing acute pancreatitis. The anatomy of the goat’s 
pancreatic duct in its relationship to the common duct is such 
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that a ligature could be placed well above the ampulla, mak- 
ing a continuous connection of the pancreatic and bile ducts. 
They also examined the relation of the bile and pancreatic 
ducts to each other in aoo human specimens. In only 3.5 per 
cent of the cases was it possible to obstruct the exit of the 
ampulla and cause bile to pass into the pancreatic duct. They 
concluded that injection or reflux of bile into the pancreatic 
ducts could not have caused acute pancreatitis in man. 

It is indeed fortunate that acute pancreatitis does not oc- 
cur in more than 3.5 per cent of the people, as the mortality 
rate is extremely high. 

A study was made by Cameron and Noble to determine 
whether water would flow up the duct of Wirsung when the 
ampulla of Vater was blocked, and, if so, at what pressure. 
A biliary calculus was artificially impacted in the ampulla of 
Vater; a reservoir of water which could be raised was con- 
nected with a manometer and the hepatic duct. In 65 per 
cent of 100 consecutive examinations of bodies at autopsy, 
water was forced up the pancreatic duct when a stone blocked 
the ampulla. A pressure of less than 100 mm. of water was 
used. This is in strildng contrast to Judd’s conclusion that 
this is possible only in 4.5 per cent in 170 cases, and Mann 
and Giordano’s 3.5 per cent in aoo cases. 

The etiology of acute pancreatitis was reviewed by Wolfer 
(ai4a), and the collected evidence suggested that bile is not 
the whole cause of this disease. In Wolfer’s more recent work, 
he concluded that the entrance of pancreatic juice into the 
hepatic duct or gallbladder is frequently the cause of acute 
cholecystitis, probably due to the mixture of bile and pan- 
creatic juice. 

Experimental evidence was presented by Dragstedt, Hay- 
mond, and Ellis, inchoating that the secretion pressure in the 
pancreatic duct is greater than in the bile duct. Other factors 
make it possible for bile to enter the pancreatic duct. The 
mixture of pure bile and pancreatic juice alone do not cause 
activation of the enzymes, but necrosis of pancreatic tissue 
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by bile and the advent of bacteria institute the acute symp- 
toms. 

The pancreatic ferment, tr3rpsinogen, is inactive. It is nor- 
mally changed to trypsin in the intestine, but can be ac- 
tivated by various substances. This activation is accelerated 
by the bile acids. The injection of activated trypsinogen into 
the pancreatic duct causes acute pancreatitis, but the injec- 
tion of inactivated trypsinogen does not produce harmful 
effects. 

Recent work by Wangensteen (2049) proved that acute 
pancreatitis regularly results from the injection of bile -into 
the pancreatic duct. Various types of aseptic operations were 
performed to cause a reflux of bile into the pancreas, using 
289 cats and dogs. Ligation at the ampulla in 131 animals 
was done to establish a common channel between the bile and 
pancreatic ducts. Positive gross changes were observed in 52 
of these animals. Bile was injected into the pancreatic duct 
following ligation in 5 animals; all developed positive micro- 
scopic and gross changes. Of 89 animals with infections of 
the gallbladder after the various types of operations, positive 
microscopic changes of acute pancreatitis were found in 10. 
Injection of bile into the pancreatic gland in 32 animals re- 
sulted in positive nucroscopic changes of pancreatic necrosis 
in 13 animals. Trauma alone in 30 animals resulted in micro- 
scopic changes of acute pancreatitis in only i animal. Wan- 
gensteen concluded that the retrojection of bile into the 
pancreatic duct under the influence of contraction of the 
gallbladder produces pancreatic necrosis with a fair degree of 
regularity. 

Considerable experimental work has proved that, when 
bile is mixed with pancreatic jmce in the pancreatic duct, 
acute necrosis usually results. It has been suggested that bile 
interacts with the mucous membrane Hning the bile ducts and 
that the mixture of bile and tissue jtuces activates pancreatic 
enzymes. The pancreatic enzymes in the duct of Wirsung are 
already activated; and when they come into contact with 
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bile, the speed of activity is increased, thus changing a negli- 
gible activity to a greater activity. If bacteria are present in 
the bile, the speed of action of the pancreatic juice is greatly 
accelerated. By thdr alkalinity, the bile salts furnish favor- 
able media for the action of the pancreatic enzymes. 

The conception of a possible relationship of acute hemor- 
rhage pancreatitis to the influx of bile into the duct of 
Wirsung has caused many surgeons to drain the bile passages 
in cases of pancreatitis. 


RisuM^ 

- ^ile can cause acute pancreatitis . 



CHAPTER XX 


WHY BILE DOES NOT CAUSE NECROSIS 
OF THE GALLBLADDER 

B ile is very toxic to all the body tissues, especially 
1 when the salts are concentrated. The bile in the gall- 
bladder is from five to twenty times more concen- 
trated than that in the hepatic duct. Not all the substances 
are concentrated to the same degree. Some are absorbed; 
others are concentrated proportionally to the removed water; 
and some are added by the gallbladder mucosa. The bilirubin 
and bile salts are probably concentrated in proportion to the 
water. A stronger alkali or acid acts more rapidly on the 
tissues. 

The Uver bile was alkaline, as shown by vital staining 
(Rous [1633]). Since cresol red in liver bile gave a red color, 
the pH was greater than 7.4; and since thymol blue gave a 
yellow, the pH was less than 8.4. As the bile passed into the 
gallbladder and was concentrated, the alkalinity diminished, 
causing the pH to return to the normal or slightly acid state. 
In the center of the bile in the gallbladder the pH was 6.4; 
but about the periphery it was lower, so that bromcresol 
purple gave a greenish-yellow color with a pH of 5.4. Adja- 
cent to the gallbladder mucosa or in the folds the pH was 
below 5.4, as the same dye gave a yellow color there. The 
wall of the gallbladder was also slightly acid in spite of the 
fact that it consisted largely of connective tissue. It came in 
contact with stored alkaline bile and removed constituents 
that were predominately alkaline in character. The tests 
were made in mice by Rous, using intraperitoneal injections 
of I per cent solution of dyes. In vivo observations were 
made after permittii^ time for absorption, which was from 
a to 4 hours. Bromcresol purple was purple when the pH was 
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6.4-6.6 and yellow when the pH was 5.4; gallbladder bile was 
very purple to black; gallbladder wall, yellow to green; liver 
bile, purple microscopically; hepatic parenchyma, yellow- 
green. Chlorophenol red showed; gallbladder bile, rose-pur- 
ple, pH 6.24; bile in folds of mucosa, orange, pH 5.59; gall- 
bladder wall, purple to yellow; liver parenchyma, pale yel- 
low, pH 5 * 2 ^ 9 ) bile in the ducts, rosy, above pH 5.91. Other 
dyes showed corresponding results. 

The vital staining showed that the bile itself was strongly 
alkaline in the gallbladder. About its mar^ns it was con- 
siderably less alkaline, and near the gallbladder wall the bile 
had a slightly acid reaction. The wall of the gallbladder was 
acid; the liver parenchyma was acid; bile in smaller hepatic 
ducts was slightly acid; and bile in larger hepatic ducts was 
alkaline. 

The bile of the dog had a pH of 5.66-7.84 normally. This 
could be increased to 8.3 or 9.0 by provocation with histamine 
(Carnot [1592, dted]). 

The wall of the gallbladder and bile passages has a very 
marked capacity to reduce the strongly alkaline bile. The 
protective substances which occur in the bile are cholesterol, 
ledthin, fats, and protdns. These substances actually dimin- 
ish the cytolytic activity of the bile salts. Mudn is added by 
the lining of the bile ducts and gallbladder. This acts in two 
ways; first, as a mechanical protective covering for the 
mucosa; and second, as a chemical neutralizer of the bile 
salts. Both the true and pseudo-mudns are very soluble in 
alkalies such as bile salts. 

RisuM^ 

It would seem that the acidity of the lidng liver cells and 
gallbladder mucosa protect themselves agdnst strongly nec- 
rotic alkaline bile by throwing out enough add to make a 
zone of neutrality between the living cells and the bile. 



CHAPTER XXI 
BILE PERITONITIS 

B ile peritonitis is a peritonitis caused by the 
I chemical action of bile on the peritoneum. Biliary 
peritonitis is a peritonitis caused by bacteria in the 
presence of bile. These two conditions are frequently con- 
fused. In the first it is necessary that a sufficient quantity 
of bile acids be present. In the second pathogenic bacteria 
are essential but bile acids are not. In order to complete the 
delusion bile pigment is indispensable, it gives the appear- 
ance of bile to the exudate. 

BILE PERITONITIS WITHOUT PERFORATION 

The poisonous action of bile on the various tissues of the 
body, as in the destruction of red blood cells, muscle, nerve, 
and even bacteria, has been observed in the preceding chap- 
ters. This action depends on the bile-salt concentration of 
the bile. Strong solutions of bile acids cause actual death and 
necrosis of the various tissue cells. Strong solutions dissolve 
bacteria. 

Bile peritonitis without perforation of the bile ducts or 
gallbladder has been reported repeatedly. The literature has 
been summarized by Buchanan, 1918. The theories are: fil- 
tration; microscopic perforation; small but almost invisible 
perforation; a rupture, subsequently healed; and postperi- 
toneal perforation of the common duct. No one of these the- 
ories explains all the recorded cases. 

A nvunber of cases have been reported, especially in Ger- 
man, French, and Italian literature, since the Buchanan re- 
view. Chendcal analysis of the peritoneal fluid is lacking in 
all these cases. Following injection of a sublethal quantity of 
bile into the peritoneal cavity, there is a large effusion of 
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fluid. A few cubic centimeters of concentrated bile free in the 
peritoneal cavity cause a transudation of several hundred 
cubic centimeters of fluid. A very small amount of pigment 
colors the entire liquid content of the peritoneal cavity, thus 
causing a misinterpretation by many observers as to the real 
identity of the fluid. A quantitative chemical test for bile 
acids is necessary for the identification of this fluid. 

BILE PERITONITIS WITH PERFORATION 
CLINICAL 

Cases of bile peritonitis were recorded two centuries ago. 
Skeete, 1785, reported the case of a boy who fell and lacerated 
the gallbladder. Autopsy revealed ii liters of bile-colored 
flmd in the abdomen. Fryer, 1813, reported that a boy was 
struck in the abdomen and that 47 pints of “pure bile” were 
removed by four paracenteses. The boy recovered. No ex- 
amination of the fluid was made. Terrier and Auvray re- 
viewed the cases from 1750 to 1897. Paracentesis or lapa- 
rotomy was done frequently. Any bile-colored fluid in the 
abdominal cavity was called “bile.” 

Some medical writers concluded that bile did little damage 
to the peritoneum unless there was infection: Mayos (1227), 
Da Costa (415), Judd and Burden (947), and PincoflFs and 
Bo^s. 

A careful review of the literature, by Cosset, Desplas, and 
Bonnet, revealed 1 1 1 cases with actual perforation of the gall- 
bladder, with a mortality of 52.2 per cent. Perforation of the 
gallbladder into the free peritoneal cavity is more serious than 
perforation of a gastric or duodenal ulcer. Another series 
of 28 dimcal cases was reported by Fifield, with 12 deaths. 

Numerous references to cUnical cases were ^ven by 
Ehrhardt in which bile was spilled into the peritoneal cavity 
during operation or following trauma. If the patient died 
soon after the accident, the peritoneal cavity usually con- 
tsuned only a small quantity of fluid, indicating rapid absorp- 
tion of the bile and actual cholemia with speedy death. Some 
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cases were reported where the operation or autopsy was done 
several days after the accident; the peritoneal cavity was 
filled with a bile-colored fluid, a protective exudate. There was 
a slowperitoneal absorption and a slowly developing cholemia. 

The escape of bile into the abdominal cavity of man or 
experimental animals causes death. Of course, there is a 
quantitative relationship ; and if only a small amount of bile or 
bile salts escapes, there may be few or no symptoms or signs. 

There is an extensive literature on traumatic rupture of 
bile ducts, gallbladder, and liver. Death always results un- 
less the extravasation of bile is stopped either by nature or 
by operation. Nature causes estensive adhesions to form 
wherever bile comes in contact with the peritoneum. If the 
escape of bile is slow, the adhesions wall off the bile and con- 
fine it within its normal course, or form cysts. The bile in 
these cysts is rapidly diluted with fluid from the serous mem- 
brane and made innocuous. 

A list of several hundred reported cases of death from 
traumatic rupture of the gallbladder or bile ducts, postopera- 
tive rupture, and spontaneous rupture of the bile ducts with 
drainage of bile into the peritoneal cavity has been collected. 
A very high mortality rate, approximating 50 per cent, was 
found. Crile, in 1927, said he believed that it is quite well 
recognized that leakage of bile into the peritoneal cavity 
carries with it a great deal of risk. Perhaps this is true be- 
cause the operations were performed on patients who had 
infected biliary passages. Infected bile has frequently been 
taken from the gallbladder and from the common duct. 
Whether or not the bile itself has destructive effects in the 
abdomen he was not prepared to say, but he was convinced 
that leakage of bile into an infected peritoneal cavity is a 
dangerous complication. 


EXPEKIMEKTAL 

From the experimental work on guinea-pigs and rabbits, 
Fraenkel and Krause attributed the ill effects of intraperi- 
toneal injection of bile to bacteria. Guinea-pigs and rabbits 
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died in from 2 to 5 weeks. Very small amounts of bile, only 
6 cc. for a 5-kg. dog, were used, with no effect. 

Experimenting with cats and dogs, Ehrhardt sectioned the 
common duct and incised the gallbladder. Bile, spilled into the 
peritoneal cavity, was absorbed; and the thoracic duct was 
discolored and its fluid content yellow, even to the vein. He 
therefore concluded that the thoracic duct is essential to 
cholemia. He stated that bile peritonitis causes death with 
the picture of icterus gravis. 

The common duct was sectioned in 7 rabbits by Ruffer and 
Crenderopoulo. All the rabbits died of peritonitis within 4 
days. The gallbladder was then incised in 2 rabbits, but they 
lived. Autopsy showed a marked plastic exudate about the 
gallbladder, closing the incision. There was a chemotactic ef- 
fect by the bile, producing a migration of leukocytes and the 
formation of a membrane, with incapsulation of bile in small 
pockets in some instances. There was a fall of temperature, a 
diminution of blood pressure, a decreased red-blood-cell 
count, a leukocytosis with diminution of eosinophiles, and an 
increase of lymphocytes. 

Intraperitoneal injection of 1 5 cc. of bile in rabbits weigh- 
ing 1,000 gm. caused death within a few hours (Sellards 
[174a]). Beef bile and sodium glycocholate in concentrations 
of 5-13 per cent, injected intravenously into guinea-pigs and 
rabbits, caused death within 8-15 hours. At autopsy some 
free fluid was found in the peritoneal cavity. Loci of hemor- 
rhages in the lungs, intestine, and stomach were verified by 
lustologj.c examination. Guinea-pigs weighing 250-75 gm. 
were also injected intraperitoneally with a 5 per cent solution 
of sodium glycocholate, o.i gm., in physiologic sodium chlo- 
ride. From 1-2 hours following the injection hiccuping was 
observed, the respiratory rate was increased, and the animals 
became comatose; death resulted in 8-1 5 hours. With large 
doses of bile salt, death occurred in 1-2 hours. When smaller 
amounts were injected, death was deferred for a few days or 
longer. If the amount were small enough, the ammal recovered. 

Intraperitoneal injection of 0.25-0.5 cc. of bile per kilo- 
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gram killed rabbits weighing about 2,100 gm. within 24 
hours. Bunting and Brown stated that bile produces necrosis 
of every type of tissue with which it comes in contact. 
Autopsy revealed extensive edema of the lungs and a con- 
siderable amount of bile-stained serous exudate in the peri- 
toneal cavity. 

In work with dogs, Wangensteen (1049) found that the 
bile salts in bile caused death. The early death was due to 
the large taurocholic content of dog bile, which is more toxic 
than the glycocholic acid content of bile in the herbivores. 

Horrall (854) said in 1929: “The questions that naturally 
arise are in regard to the effect of autogenous bile free in the 
peritoneal ca'vity;whether bacteria are the sole harmful agents 
or whether they do not have any relation to the symptoms 
and the condition found at autopsy in bile peritonitis; what 
vdll be the effect of bile continuously pouring out into the 
peritoneal cavity; what difference in symptoms will be pro- 
duced by varying the quantity of bile and what effect will 
bile from other dogs injected into the peritoneal cavity pro- 
duce. 

METHODS 

“i. All experiments were performed on dogs anesthetized 
with ether and operated on aseptically. The abdomen was 
opened along the edge of the right rectus muscle, the tip of 
the gallbladder caught up with forceps, a purse-string suture 
placed about the tip, and then the gallbladder opened, letting 
the bile spill out into the peritoneal cavity; the opening was 
then closed with the purse-string suture, the edges of the 
bladder being inverted. The intestines were moved about to 
insure thorough distribution of the bile over the peritoneum, 
and the abdomen was closed. General symptoms were noted, 
and various tests applied as indicated. 

“a. An intraperitoneal fistula of the gallbladder was made 
aseptically under ether anesthesia. The bUe was spilled into 
the peritoneal cavity and stirred about so that it would come 
into contact with much of the peritoneum. The edges of the 
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opemng in the gallbladder were stitched back, to prevent 
spontaneous closure, and the abdomen closed. 

“3. Bile was removed aseptically from the gallbladders of 
living dogs under anesthesia with a syringe and needle. Bile 
was collected from eight to twelve dogs, mixed, culture taken 
and immediately injected by paracentesis into the peritoneal 
ca’rity of dogs, the quantity for single dosage being varied, 
and repeated small doses also being given to other dogs. 
Part of the bile was sterilized in an autoclave at 15 pounds 
pressure for thirty minutes before injection. 

I. THE EFFECT OF BILE FROM THE GALLBLADDER SPILLED INTO THE 
PERITONEAL CAVITY 

“The animal was operated on February 17. There was 
slight postoperative vomiting; the animal was fed the second 
day; food and water were both retained; the animal was 
rather tlursty; it was up and walking about and ill effects 
were not apparent; the urine showed a slight trace of bile, and 
no albumin or sugar; the actions were entirely normal. On 
May 5, the dog was killed so the patholo^c effects of the bile 
could be noted. At autopsy, the dog was well nourished and 
in excellent condition. An entirely normal condition was 
found except there were a few adhesions about the tip of the 
gallbladder where the indsion had been made. Cultures were 
made from the bile at the time of operation and from the 
peritoneal cavity at autopsy. At operation, staphylococci 
were found in one case and a bacillus in another. Bacteria 
were not found at autopsy in any case. 

2. THE EFFECT OF BILE CONTUTVOUSLY FOUUNO OOT INTO TBS 
PEETTOHEAL CAVITY 

‘'Dog 6 . — ^The ammal weighed 10 Kg., a fistula of the gall- 
bladder was made. The animal vomited frequently; severe 
retclung occurred; thirty minutes later there was a bowel 
movement. Later, frequent watery stools were passed; seven 
hours later, the animal staggered and was much weaker and 
rather listless; fifteen hours later, the heart was irregular and 
slow and the respirations slow and slug^sh. The dog was 
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hardly able to stand, and gradually became weaker and 
passed into coma, it did not have convulsions, was difficult to 
arouse, and passed frequent bloody stools. Twenty-two 
hours later, it died in coma; no urine was passed. At autopsy, 
the lungs were slightly congested in spots; the heart was 
soft and flabby; the peritoneal cavity contained 275 cc. of 
slightly bloody fluid deeply stained with bile and a few 
gelatinous masses. The peritoneum was stained yellow, but 
this was most marked in the diaphragmatic portion; the 
peritoneum of the lesser omental cavity was also stained; the 
liver was markedly congested; bile was not found in the ducts 
or bladder; the lumen of the gallbladder was open. The in- 
testines were covered with many small petechiae, which were 
most plentiful over the ileum; the intestine did not contain 
bile; the mucosa of the colon and small intestine was mark- 
edly congested, and the contents of the colon watery and 
bloody; the greater omentum was stained deep yellow and 
contained numerous petechiae. The kidneys were congested 
and bluish-red; the urinary bladder contained 2 cc. of heavy 
bile colored urine; the chemical tests showed much bile and 5 
per cent of albumin. Microscopic examination showed many 
red blood cells, few white blood cells, also renal cells and 
debris; cultures were negative. 

3. THS ErrECT OP INTRAPERITONEAL HTJECTION OF BILE 

“Dog xj . — Into an animal weighing 4.2 Kg., 25.2 cc. of 
bile from the gallbladder were injected intraperitoneally, 6 cc. 
per kilogram of body weight. The symptoms were similar to 
those in the foregoing cases but progressed more rapidly; 
death occurred in fifteen hours. The conditions found at au- 
topsy were similar, except that there was more clotted blood 
in the peritoneal cavity. Cultures were negative. 

4. EFFECT OF SUBLETHAL DOSE GIVEN INTRAPERITONEALLY 

“Dog 23 . — Into an ammal weighing 4.2 Kg., 16.8 cc. of 
bile from gallbladder were injected intraperitoneally, 4 cc. per 
kilogram of body weight. There was immediate spasticity 
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of the abdominal muscles, and the dog appeared to be in dis- 
tress. (Intraperitoneal injections of physiologic sodium chlo- 
ride solutions did not cause rigidity and only slight pain when 
paracentesis was performed.) Five minutes later, defecation 
and retching occurred. Ten minutes later, vomiting and stag- 
gering were noticed; the retching and vomiting were repeated 
every few minutes. This was accompanied by thirst and lap- 
ping of water and frequent stools, which became watery and 
then bloody. Nine hours later, there was marked edema of 
the eyelids and lips; a small amount of urine was passed, 
which contained bile and a trace of albumin; the heart was 
slow and irregular; respirations were slow. Eighteen hours 
later, the condition had returned practically to normal except 
for anuria. Thirty hours later, the urine showed bile and 
much albumin; some edema of the eyelids occurred. On the 
seventh day, the condition was good except for a slight fluc- 
tuating edema of the eyelids; the urine showed bile and 
albumin. On the twenty-eighth day, edema of the eyelids 
persisted; the urine showed albumin in varying amounts. On 
the thirty-first day the animal died. Autopsy showed many 
patches of bronchopneumonia in the lungs; the heart was 
flabby; 50 cc. of bile-colored peritoneal fluid were obtained; 
the liver showed a nutmeg appearance; the kidneys were con- 
gested; the suprarenals were diminished, especially in the 
medulla. 

5. INFLUENCE OF BACTERIA 

“In a few instances, bacterial growths were obtained from 
the bile of other dogs and used for these injections. Bacteria 
were also obtained from the peritoneal fluid following death 
of the dog into which bile had been injected; the cultures con- 
tained staphylococci or colon badlli. The bacteria in most 
instances certainly could not cause the symptoms and death 
as the same reactions were obtained in dogs in which bacteria 
were not found in the bile used or in the peritoneal fluid at 
postmortem. Nevertheless, for evidence on this point, the 
following experiment was done: 
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“Dog JO . — Into an animal weighing i.6 Kg., 8 cc. of 
sterilized bile were injected intraperitoneally, 5 cc. per kilo- 
gram of body waght. Death occurred in twenty-four hours. 
The symptoms and the condition found at autopsy were the 
ones usually seen. Cultures were negative. 

SUMMARY 

“Bile from the gallbladder was spilled into the peritoneal 
cavity in twenty-five dogs. There were no deaths, and the 
effects were slight and transitory. Some of the dogs vomited, 
a few had <fiarrhea, and the urine contained varying amounts 
of bile pigment. The amount of jaundice present was just 
perceptible. Bacteria were not the cause of these symptoms, 
as sterile or infected bile gave the same results. 

“Intraperitoneal fistula of the gallbladder in seven dogs 
permitted sufficient bile to pass into the peritoneal cavity to 
cause death within twenty-four hours. If the fistula was part- 
ly closed, the dog lived longer, and if it was completely 
closed, the effects were transitory. The symptoms preceding 
death were; bradycardia, low blood pressure, slow respira- 
tion, anuria and coma, and in many cases edema. 

“Intraperitoneal injection of bile from the gallbladder of 
dogs into nine dogs in amounts of 5 cc. or more per kilogram 
of body weight caused death within twenty-four hours. 

CLINICAL SYMPTOMS AND SIGNS OF BILE PERITONITIS IN DOGS 

“Ri^dity of the abdominal muscles, espedally in the right 
upper quadrant, and retching and vomiting occur; pain may 
be extremely severe; early defecation and later, watery or 
bloody stools occur; bradycardia, irregular heart, weak pulse, 
slow and irregular respiration, early restlessness, later, leth- 
and finally coma and death occur; urine, if obtainable, 
contsuns bile and albumin (usually total anuria); edema was 
present in 30 per cent of the dogs; jaunffice was slight and 
sometimes questionable. Apparently the renal portal in dogs 
is low for bile pigments, as they are rapidly excreted in the 
urine,” 
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DISCCSSIOK 

If a small amount of bile escapes into the peritoneal cavity 
and is rapidly scattered over the peritoneal membrane, there 
is immediately a great outpouring of fluid from the serous 
membrane. Frequently la hours following the injection of 
ao-40 cc. of gallbladder bile into the peritoneal cavity of a 
dog weighing la kg,, 500 cc, of fluid can be removed. 

Probably the most serious misinterpretation of the effects 
of bile occurs in calling this 500 cc. of fluid “bile.” The writer 
has been told frequently by reputable surgeons that several 
hours or days following trauma they have opened the ab- 
domen of patients and removed several quarts of “bile.” Of 
course, the fluid contained bile pigment and it was, therefore, 
called “bile.” Bile was present, but the bile had been greatly 
diluted by the secretion of fluid from the peritoneum, owing 
to the chemical stimulation of the bile salts. If the normal 
bile contains from i to 15 per cent bile acids and the dilution 
is in proportion to that found experimentally, the fluid found 
by the surgeons in the peritoneal cavity would have contained 
only one-twenty-fifth as much bile salts as the whole bile 
itself. 

A case with “500-600 cc. bile” about the liver following 
operation was reported by Walters and Bollman (2042) in 
1928. Thomas Skeete(292,dted), as early as 1785, pointed out 
the fallacy of calling a fluid “bile” just because of its color. 

In order to determine how much bile is present in the 
peritoneal fluid and, thereby, its toxicity, it is necessary to 
make a quantitative chemical analysis of the fluid. Visual 
analysis of the bilirubin content is not sufficient, as many 
complicating factors, such as extravasation of blood, are in- 
volved. 

All eiddence, experimental and clinical, tends to prove that 
bile does cause a peritomtis. This peritonitis is chemical and, 
if extenrive enough, causes death in all animals. Numerous 
comparisons have been made with different kinds of animals, 
all to the same end. 
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The various biles in the same peritoneal cavity have nu- 
merous d^ees of toxicity, and the same bile in different 
peritoneal cavities has many degrees of toricity. Bile of the 
different animals contains diverse bile salts of varying degrees 
of toxicity and concentrations. These variations are given in 
the chapter, “Toxicity of Bile Acids.” 

The comparison of dog bile with human bile has led many 
to doubt the toxicity of human bile. It must not be forgotten 
that bile in the peritoneal cavity acts quantitatively. It takes 
more bile to kill a large dog than a small dog. Then one must 
conclude that it takes still more bile to kill an adult human 
being. The concentration of the two biles is markedly differ- 
ent, the human bile being much more dilute. Also, the dog 
bile contains chiefly sodium taurocholate, while the human 
bile contains mainly sodium glycocholate. The protective 
substances, such as cholesterol, lecithin, and mucin, are pres- 
ent in much larger quantities in human bile than in dog bile. 
Thus, in order to compare the tosdcity of various biles, the 
numerous variations in the different biles must be kept in 
mind. 

Recent work has demonstrated the presence of bacteria in 
the exudate following injection of bile into the dog, intra- 
peritoneally, subcutaneously, and intrathoracically. The cul- 
tures of the various tissues of the dog untreated with bile 
showed similar growths of bacteria. It is generally conceded 
now that bacteria may be found in the tissues of the body 
which were previously supposed to be sterile. Metastatic ab- 
scesses are definite evidence that bacteria are transported to 
many parts of the body. Tissue culture has not been done 
extensively enough to make definite statements in regard to 
man, though B. welchii has been found in several tissues in 
the dog. 

Weinberg and Leverson found a large variety of bacteria in 
the peritoneal cavity of guinea-pigs following intraperitoneal 
injection of sterile bile. Of 76 guinea-pigs injected, 33 had 
sterile and 43 had infected peritoneal exudates. The bacteria 
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found were: B, coli, in I4 animals; staphylococci, 9; en- 
terococci, 8; B. perfringens, 6; streptococci, 6; B. paratypho- 
sus, 2; anaerobes, 3; aerobes, 6. They concluded that bile aids 
the passage of bacteria from the intestine into the peritoneal 
cavity. 

Bacillus welchii has been demonstrated in the peritoneal 
fluid following intraperitoneal injection of bile, and death of 
the animal was attributed to B. welchii rather than to the 
bile (Rewbridge [i 557]). 

The intraperitoneal injection of bile causes death in a large 
variety of laboratory animals. The escape of bile into the 
peritoneum of man, particularly in untreated traumatic 
lesions of the bile ducts, is followed by death in a large per- 
centage of cases. In man, since B. welchii occurred but rarely 
either in the bile or in the liver, the danger from gas bacilli is 
negli^ble, according to the recent work of Judd. 

Bacteria are notoriously toxic under certain conditions, 
and their mere presence is not indicative of their destructive 
ability. Bacillus welchii is a common inhabitant of the intes- 
tinal tract of many animals, but only under certain condi- 
tions does it become deadly. The effect of bile on the growth 
of B. welchii has not yet been determined. From recent work 
it might seem that bile has a chemotactic action on B. 
welchii or stimulates its growth. It is necessary for more 
work to be done in vivo and in vitro to determine the action 
of bile on the growth of B. welchii and, also, on the formation 
of its specific toxin. 

An anaerobic bacillus resembling B. welchii has been 
isolated from the bacterial flora of the liver and muscle of 
normal dogs by Trusler and Reeves. This bacillus does not 
produce endotoxins and, when cultured in the abdomen, does 
not cause death, but does cause death when cultured with 
liver. Further investigations proved that the bile salts do not 
cause Clostridium welclui to invade the peritoneal cavity. 
This bacillus should not be confused with the very virulent 
B. aerogenes capsulatus. 



222 


BILE PERITONITIS 


Adhesions following extravasation of bile into the ab- 
dominal cavity are frequently observed. These adhesions are 
at first extensive but are pliant and friable. A few weeks fol- 
lowing the contact of the peritoneum with bile these adhe- 
sions gradually begin to disappear, and there remain only the 
strong bands or strands. Experimentally, these adhesions 
may be produced in the peritoneal or thoracic cavities. They 
are localized in the quadrant into which the bile has been 
injected unless too large an amount has been given, causing 
the chemical irritant to spread. 

The lai^er bands of adhesions may cause serious symptoms 
later, mechanically inducing acute obstruction of the intes- 
tine. Ail bile getting into the peritoneal cavity during opera^ 
tion should be carefully removed, and the site of contact 
should be sponged with physiologic salt solution to dilute any 
remaining irritant of the serous membrane. A mild bile peri- 
tomtis with slow chenucal absorption may cause a fibrinous 
exudate sometimes found at operation. The channels of ab- 
sorption of toxic and nontoxic substances from the peritoneal 
cavity have been studied by a number of investigators. Work 
done by McGuire tended to show that the path of absorption 
in peritonitis is not by way of the lymph vessels and the 
thoracic duct. The intraperitoneal accumulation of fluid in 
bile peritonitis, according to Moon and Morgan and to 
Andrews, Harkins, and Harmon, causes secondary surreal 
shock. There is a decrease in the volume of the circulating 
fluid equal to 3 per cent of the body weight. The peritoneal 
fluid is similar to the blood serum. The blood pressure de- 
creases, and the hemoglobin increases. When subcutaneous 
injection is used, there is a shift of fluid to the injected side. 
The extravasation of fluid follovring injection of bile salts pro- 
duces shock, according to definition. 

Thus marked accumulation of flmd was referred to by 
Horrall as “dehydration.” A rather interesting observation 
was made by the last-named investigator. He showed that 
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the smaller the amount of fluid that accumulates in bile 
peritonitis, the sooner death occurrs. The changes which oc- 
cur are; a fall of blood pressure, an increase in rate of respira- 
tion and heartbeat, blood in the urine, petechial hemorrhages 
in the myocardium, lungs, brain, and intestine, and subserosa 
in the peritoneal, pleural, and joint cavities. CertMnly the 
toxic bile in the blood stream causes the rupture of capillaries 
at points distant from the site of injection. The intravenous 
injection in dogs of filtered peritoneal fluid removed from 
moribund dogs with bile peritomtis does not cause a marked 
fall in blood pressure or severe toxic symptoms. The peri- 
toneal exudate does not contwn the original total toxicity. 
A part of the bile salts has been absorbed and a part probably 
has been detoxified by combining with the protein in the 
exudate and by the phagocytes which have a definite affinity 
for the bile acids. It is well known that the intravenous in- 
jection of bile salts in serum is much less toxic than bile salts 
in physiologic salt solution. 

TREATMENT 

From recent experimental work Horrall (854) has shown 
that ndther calcium chloride nor calcium lactate detoxifies 
bile and that the end is only hastened by their use intraperi- 
toneally. As yet there is no chemical antidote, although 
cholesterol and lecithin do slightly inhibit the toricity. The 
treatment that has been most satisfactory necessitates 
early recognition of bile peritonitis and open operation with 
closure of the bile leaks, thorough lavage of the i)eritoneal 
cavity with phyriolo^c sodium chloride solution, leaving a 
fair quantity in the peritoneal cavity, followed by closure. 
Fluids, intravenous and subcutaneous, to wash out and 
dilute the absorbed toxic substances produce a more favorable 
course. Bile causes a marked ddbydration; so restoration of 
fluides is necessary. 
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R^SUMi 

Bile peritomtis is caused by the tojdc action of bile acids. 

Bile acids exert a toxic effect on the heart, kidneys, blood, 
and blood capillaries and on all tissue with which they come 
in contact. 

Bacteria has little or no effect if the peritonitis is fatal 
within a few hours. 

Secondary surgical shock is a very important result of the 
toxic action of bile acids. 

It has been well established that bUe, injected subcutane- 
ously, causes tissue necrosis, and even a large aseptic abscess. 

Why, then, can it not cause bile peritonitis? 



CHAPTER XXII 

BILE RETENTION; ICTERUS 

I CTERUS is one of the oldest known “diseases.” It was 
very common in early Greece, according to history, and 
is referred to in the literature through all the ages. The 
layman very frequently observes severe cases of yellow pig- 
mentation of the sldn and eyes. The tint of the skin may vary 
from a bright lemon to orange, olive, or even a dark green. 
It is probably more common in the tropical regions, and espe- 
cially in regions where malaria is prevalent. 

The words for icterus in the various languages are signifi- 
cant; in English, jaundice^ meaning yellow skin; in French, 
jauney for yellow; in Latin, morbus re^us, for kingly disease; 
and in German, Gelbsuchty meaning yellow sickness. 

Yellow staining of the sHn has been frequently feigned by 
soldiers and sailors. The skin is colored yellow with saffron, 
tumeric, and such; but the conjunctivae are not colored, and 
soap and water or chloride of lime will remove the coloring. 
If rhubarb or santonin are taken, the urine will be colored, 
but it does not react with nitric add. Carbazotate or potas- 
sium picrate, taken internally, wUl stain the skin and the 
urine; but the urine does not ^ve the test for bilepigment 
(io 8 a, p. 375). 

Jaundice may be physiologic. In the horse the blood serum 
has a very cfistinct orange appearance, indicating the pres- 
ence of pigments in a high degree. In the cows of Guernsey 
the fat is a natural orange color (Budd). In man the normal 
blood serum has different degrees of pigmentation, from al- 
most clear colorless to a lemon yellow. The pigment may be 
more concentrated — almost an orange — and the serum be 
within normal limits. Some races have more bile pigment in 
the blood than others. This is particularly noticeable in 
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Negroes of the west coast of Africa, who are not jaun- 
diced (Budd). Normal human serum contains i : 1,000,000- 
1 1400,000 bilirubin; a healthy man with sallow skin may show 
1:80,000, a physiolo^c hyperbilirubinemia. This pigmen- 
tation varies considerably in different individuals and at 
different times of the day, according to the amount of ex- 
erdse. It may also be influenced by the type of food intake. 

Local icterus appears following extravasations of blood in 
the tissues. Rhombic plate crystals were first observed by 
Virchow in an old hematoma. Hematoidin seems to be chem- 
ically identical with bilirubin found in old hemorrhagic areas 
(Whipple). The successive changes in color of the black-and- 
blue area in the skin, depending on time, are due to the 
oxidation changes of the blood pigment, probably bilirubin 
oxidation and reduction. 

Generalized icterus appears when there is an excess of bile 
pigment in the blood stream. This may be due to the failure 
of the liver to eliminate the pigment normally produced, or 
it may be due to the rapid overproduction of pigment, as in 
hemolytic icterus. 

The term jaundice usually means that there is yellow skin 
and sclerae and an increase of the bilirubin in the blood 
stream. When the pigment in the blood increases sufficiently, 
it then passes over into the urine. 

ETIOLOGY 

There has been considerable confusion as to whether the 
actual toxic symptoms in jaundice are due directly to the bile 
or to some one substance in the bile; or whether they are due 
to absorption of toxic substances from necrotic -areas which 
the bile has produced, such as protein split-products. In ob- 
structive jaundice, are the liver changes due to bile itself, or 
are the general symptoms produced by necrotic products of 
the liver? Does bile cause a series of symptoms which end 
fatally, or does the terminal infection take over these symp- 
toms which were ori^nally started by the bile? In man, does 
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bile itself produce the intoxication? Permanent damage may 
be due to small amounts of bile, acting repeatedly; but when 
once a trend of symptoms is initiated, may not the toxic cause 
be removed and still the course progress? These are contro- 
versial questions which future research may answer. 

CLASSIFICATION OF JAUNDICE 

Clinical observation usually discloses first the yellow dis- 
coloration of the sclerae; this is followed by a gradually in- 
creasing yellow color of the skin. The bile pigment remains 
in solution in alkaline media when associated with bile salts. 
There seems to be only a slight pigmentation of the muscle 
cells. Quincke found the intercellular fibrils of connective 
tissue cells pigmented with longer retention of the bilirubin. 
After death practically all the tissues are pigmented. 

Bile pigment may be present in such small amounts that 
the tissue is slightly stained, or it may accumulate until 
granules are deposited. Crystals of bilirubin have been fre- 
quently seen in body fluids and tissues in jaundice. It has been 
suggested that there is a difference in the selective activity 
or affinity of the various body cells for bilirubin. Normally the 
liver cells remove it from the blood before the concentration 
in the blood reaches i part in 50,000 (van den Bergh). When 
the concentration in the blood exceeds this proportion, the 
tissues begjn to take up the pigment or the blood fails to 
remove it from them. 

The question as to a definite renal threshold for bilirubin 
does not seem to be supported by adequate data. It was 
thought that bilirubin was absent from the urine if the blood 
bilirubin was below 4 units. Bilirubin has been found in the 
urine with the blood concentration as low as 0.12 mg. per 
100 cc. If there is a renal threshold, it must be very much 
lower than that previously supposed (Rabinowich). Kidney 
diseases may afiFect the bilirubin output in the urine. 

Van den Bergh and Snapper (1973), in 1914, found that 
bilirubin passes into the urine when the concentration in the 
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blood serum is from i : 50,000 to 1 : 60,000. In some cases 
where there is bilirubinemia there is no bilirubinuria. If the 
Iddney threshold for bilirubin is low, as in the dog, the yellow- 
ish coloring of the body tissues is slow to develop or will 
develop only to a slight degree. In dissociated biliary reten- 
tion, according to Lemierre, Brul6, and Garban, there may be 
an excretion of pigment in the bile without bile salts, or the 
pigment may be retained in the bile and the salts excreted. 

The length of time necessary for the development of jaun- 
dice following obstruction of the common duct in dogs is 
from 36 to 48 hours. 

The classification of icterus by Quincke and Hoppe-Seyler 
(1527) was based on pathologic findings and etiology. Van 
Bei^mann (2004) classified icterus as follows: mechanical 
stasis icterus, obstruction of the larger bile ducts or bile 
capillaries; icterus without obstruction of the larger bile 
passages; damage to the liver cells, acute yellow atrophy, in- 
fectious icterus, syphilitic icterus, pernicious-anemia icterus, 
and icterus neonatorum. 

Gilbert’s classification, based on analyses of blood and 
urine, was; choluric icterus and acholuric icterus. 

Lemierre and Brul6 classified icterus as follows: choluries 
pigmentaires, choluries salines^ choluries dissociSes, cholurie 
totaUy and ictire total — ^retention of pigment salts and choles- 
terol. 

It is generally thought that jaundice is primarily obstruc- 
tive, that is, there is obstruction of the extrahepatic bile 
ducts, obstruction of the intrahepatic bile ducts, and obstruc- 
tion of the hepatic cells themselves, as occurs in the chemical 
poisoning of the liver. 

Chabrol (337) classified icterus as follows: icterus by reten- 
tion^ {a) complete retention and (^) incomplete retention; and 
icterus by polycholia and by hemolysis (mixed icterus). The 
clinical classifications were listed as icterus neonatorum, 
simple acholuric icterus, icth^ Smotif, icterus of pregnancy, 
icterus from poisons, syphilitic icterus, infection icterus, ca- 
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tarrhal icterus, icterus from gallstones, icterus with chronic 
pancreatitis, icterus from chronic obstruction of common 
duct, cirrhotic icterus, and icterus gravis. This classification 
included a large number of types of icterus; for example, un- 
der icterus of the new-born was included jaundice caused by 
congenital malformations of bile passages and syphilis. Un- 
der acholuric icterus was included familial icterus, spleno- 
megaly with icterus, and pernicious-anemia icterus. 

The mechanism of the production of icterus in man, ac- 
cording to the classification of McNee, with percentages 
given by Hartman, are: obstructive, 70 per cent, with oc- 
clusion or obstruction of extrahepatic bile passages; carcino- 
ma, 25 per cent; stones, oo per cent, and stricture of the 
common duct, 10 per cent; intrahepatic, 23 per cent, with 
obstruction of parenchyma or finer bile passages; hemolytic, 
7 per cent, with increased destruction of red blood cells and 
involvement of bone marrow and spleen. 

Attempts have been made to differentiate the causes of 
jaundice by the van den Bergh reaction (McNee). In ob- 
structive jaundice, bilirubin gives a direct reaction (van den 
Bergh); while in hemolytic jaundice, there is an indirect 
reaction. 

In the experimental work of Davies and Dodds it was found 
that the van den Bergh test for bilirubin depended on the pH 
of the solution or on oiddative changes occurring in the pig- 
ment. Biliverdin gave only the indirect reaction, and clinical 
and experimental evidence was offered to show that bilirubin 
can be oxidized to biliverdin in the drculation. If the bili- 
rubin was confined where oxidation could not take place, 
then the test was for bilirubin and was direct; but if there was 
only a small amount of bilirubin, as in early and late jaundice, 
then there was an opportunity for bilirubin to become oxi- 
dized into biliverdin, and the reaction became inchrect. 

According to Lepehne, the direct, prompt van den Bergh 
reaction is found in the serum of patients "vrith mechanical 
stasis, treated and untreated syphilis, acute yellow atrophy 
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of the liver, phosphorus and chloroform poisoning, chol- 
angitis, septic hemolysis, and gallstones. The direct delayed 
reaction is found in patients with hemolytic disease, icterus 
neonatorum, Ught stasis, and receding jaundice in the fore- 
going patients who originally gave a direct, prompt reaction. 
The direct diphasic reaction is found in convalescent patients 
who gave a direct, prompt reaction and also in patients with 
mild forms of the same. 

The classification of McVicar and Fitts depended on the 
reaction of jaundiced servun to the van den Bergh test, dither 
direct or incfirect; height and behavior of serum pigment 
curve, as determined by the van den Bergh reaction or icter- 
us index; the quantity of bile reaching the intestine, as deter- 
mined by the duodenal tube; and the presence or absence of 
pain, and its character. Aschoff (8i) and McNee (1249) in 
recent reviews base their differential diagnoses of jaundice on 
nontoxic bilirubin. These dassifications used the qualitative 
and quantitative variations in the van den Bergh reactions. 
No mention was made of the tosdc cholic-add constituent of 
bile. 

The amount of disability due to the presence of bile alone 
in the system is difficult to determine. The infection or other 
etiolo^c factor causing the retention of bile with jaundice 
complicates the interpretation. Also, the liver functions are 
impaired. There is an increase in the toxic mtrogenous sub- 
stances in the blood (Bickd, 175), owing to the failure of the 
liver to detoxify and to the inability of the kidney to excrete 
normally. 

Fasting or starvation icterus is the only functional type 
now considered. Evidence is inadequate for “emotional icter- 
us.” 

SYMPTOMS OF JAUNDICE 

All the patholo^c conffitions which accompany jaundice 
have been attributed to bile. From the time of Saunders and 
of Leyden, studies of the liver have been made following liga- 
tion of the common duct. Fdtz and Ritter conduded that 
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ligation of the common duct in animals causes symptoms 
similar to those in obstruction of the bile ducts in man. Snell 
has shown, by a modification of the Pettenkofer reaction, 
that, following biliary obstruction, the bile acids increase 
rapidly in the blood, reach a maximum in 2 or 3 weeks, and 
decline to normal in 50 days, if the gallbladder is intact. 
There is some slight fluctuation afterward. With the diminu- 
tion of bile acids in the blood, however, there is no abatement 
of the clinical symptoms. Rous and McMaster (1639), Kata- 
yama and Shattuck, Katayama, and Killian concluded that 
the secretion of bile is never inhibited, only diverted. 

It would be interesting to find out just what becomes of the 
bile acids in long-continued obstructive jaundice. They are 
not eliminated as such entirely in the urine. There is a possi- 
bility that the manufacture of bile acids is diminished, paral- 
lel with the diminution in general metabolism. When jaun- 
dice has not continued too long, relief of the obstruction is 
followed by a prompt return to normal. 

Andrews, Thomas, and Schlegel (58) had definite ideas in 
regard to what causes the toxic symptoms of icterus, namely, 
bile salts, bile pigments, glycogen starvation, polypeptides, 
and amino acids. Therefore, they arrived at the conclusion 
that the toxin must arise in the liver, since hepatectomy pre- 
vents the symptoms. Andrews and his collaborators con- 
cluded that the toxic symptoms are explained by a leakage of 
protdn from the Kver, caused by a (hsturbance in the 
mineral-salt balance. 

This is a field for much-needed investigation. At the prra- 
ent time, one cannot advise rational therapy in cholemic 
conditions (Bayer [127]). 

In just what way bile is toxic in obstructive jaundice is 
diflicult to say. Nevertheless, there appears to the clinician 
a series of symptoms fairly characteristic, and to the surgeon 
a warning to institute preoperative treatment. 

According to recent work, the bile salts in the blood stream 
are at first increased and later decreased, coming to nearly 
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normal. Blood pressure, according to some writers, at first is 
sUghtly increased; but all agree that later in jaundice the 
blood pressure is decreased. There are so many causes for 
decreased blood pressure that this cannot be attributed en- 
tirely to bile itself. Electrocardiographic tracings do not show 
constant findings, and there is no unquestioned experimental 
evidence to justify basing the series of symptoms observed in 
jaundice on the presence of bile or any of its constituents in 
the blood stream or other body tissues. In fact, after jaun- 
dice has continued a considerable length of time, there is an 
actual diminution of bile production. 

In most cases the mention of jaundice brings to mind the 
picture of some sort of obstruction to the biliary passages. 
The interference with the outflow of the bile may be assumed 
to be located in either the larger ducts or the minutest 
canaliculi; but in any event, it represents a mechanical in- 
terference with the discharge of the accumulating secretion. 
There are, admittedly, instances of jaundice of nonobstruc- 
tive origin that have been described as congenital hemolytic 
icterus. The conception of such instances of pigment forma- 
tion without participation of the liver has become plainer 
recently, since the extrahepatic ori^n of bilirubin has been 
demonstrated. Drury and Rous have demonstrated a type 
of functional, rather than mechanical, suppression of biliary 
pigment excretion that arises in certmn types of severe hepat- 
ic intoxication, notably after poisoning with chloroform. 
The functional inability of the liver cells to remove and 
excrete bilirubin from the blood in such circumstances is 
incEcated by the production of a colorless, watery bile 
(Drury). Jaundice may occur without any hepatic lesion, 
owing to failure of the liver to eliminate pigment (Garnier). 

Jaundice may cause abnormal substances to be liberated 
following destruction of liver cells, according to Bowler; but 
Morawitz and Bierich id not find sufficient evidence for this 
conclusion. The intoxication of jaundice may be due to poi- 
sons other than bile, according to Rolleston and McNee. The 
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liver may fail to stop poisons coming from the intestine. 
Putrefaction products may increase because of absence of bile 
from the intestine; a reduction of blood alkalinity may cause 
toxic symptoms. In ordinary intoxication of jaundice, Bowler 
placed bile salts at the head of the list of possible toxic sub- 
stances. 

Cholemic nervous symptoms, such as twitching, ataxia, 
somnolence, and coma, are frequently found in severe intoxi- 
cations; but bile salts have not been definitely proved to be 
the cause. There are functional changes in the hepatic cells; 
variations in the method of handling glycogen; alteration in 
fibrinogen; and markedly altered nitrogen metabolism, dis- 
turbing the acid-base equilibrium; and in addition the liver 
may be unable to remove or detoxify poisonous substances. 
Gilbert, Chabrol, and B6nard showed by new tests that 
there is an increase of bile salts in the blood in icterus, espe- 
cially in early cases. Aldrich and Bledsoe found an increase 
in bile acids in various forms of jaundice. Windaus (2128) 
reported that bilirubin and bile acids increase in the blood in 
the first three weeks of liver-fiinction (hsturbance. Blanken- 
horn (192) described many cases of cholemia, and a few with 
choluria, which indicated a retention of bile adds in the blood 
or in the body tissues assodated with a kidney irritation. 

Bile acids were found by Minkowski and Naunyn in the 
blood and tissues after partial extirpation of the liver. Fol- 
lowing total extirpation, no acids were found. 

Is partial extirpation of the liver comparable to obstructive 
jaundice? 

The symptoms of icterus are due to the toxicity of bile, 
with decrease in pulse rate, hemorrhages, loss of weight, and 
albuminuria, according to Voy (426, cited). All of these 
symptoms are due to the action of bile on the living tissues. 
The unfavorable syndrome of cholemia is assodated with the 
presence of bile in the blood and in increasingly developing 
jaundice. Early in the disease there is a slow heart, twitch- 
ing, and restlessness; later, somnolence and coma. Windle 
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noted that in most cases of obstructive jaundice the heart 
rate is normal, but that in catarrhal jaundice there is brady- 
cardia. McVicar and Fitts said that the slow heart in jaun- 
dice has proved almost a myth. 

The absolute concentration of bile acids in the blood or other 
body tissues is still unknown. The bilirubin content of the 
blood serum does not run parallel with the bile-acid content, 
according to the work of Hoover and Blankenhorn. These 
substances are not always excreted in parallel quantities in 
the urine— a renal dissociation. From most recent experi- 
mental work it would seem that the appearance of bile acids 
in the blood is only transitory, but they are not eliminated 
quantitatively in the urine and they do not go into the 
enterohepatic circulation; so the question as to the fate of 
bile in jaundice is important. Bile acids are gradually de- 
creased but continue in a small quantity. The bile pigments 
increase early but fall to a lower level, which remains con- 
stant. Injection of taurocholic acid causes elimination of that 
acid in the urine as such, but in jaundice the urine mtrogen is 
increased and approaches a constant. The neutral sulphur is 
also increased and approaches a constant. This may account 
for taurocholic-acid elimination but does not explain the dis- 
appearance of the glycocholic acid, which is predominant in 
the herbivores. In certain stages of infectious jaundice, 
Lemierre, Brul 4 , Wrill, and Lordat found a retention of bile 
pigments with excretion of bile salts into the intestine, and at 
times the reverse, as shown by the absence of alimentary 
lipemia. Widal and the French school observed a dissodated 
jaunchce. In catarrhal jaundice the hepatic cells are dam- 
aged, and in turn the finer biliary capillaries are obstructed. 
The reverse may be true; it is difficult to determine which is 
the first to occur. In jaundice from infection and jaundice 
due to certdn poisons, Eppinger (534) found that the finer 
capillaries of the liver are often blocked by small casts or 
thrombi, and that behind these tiny obstructions there are 
ffilations of the bile capillaries. Elliott and Walshe observed 
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that the toxic state of severe hepatic insufficiency, sometimes 
spoken of as “cholemia,” is associated with plantar extensor 
response and is not concerned with bile pigments. It also is 
not related to suppression of urea formation or sugar output 
from glycogen, as in acidosis or uremia; an acute cholemia 
gave the prognosis of death within a few days, when as- 
sociated with the extensor form of the plantar, or Babinsky, 
response. The supposition is that, in addition to the liver 
destruction, there is also damage to the tissue of the central 
nervous system from the cholemia. 

The blood urea in jaundice is high. This may be attributed 
to failure of renal function and to increased hepatic function. 
As soon as the renal function improves and hepatic function 
lowers, the blood urea diminishes to normal. An increase of 
lactic acid in the blood is associated with a disturbance of the 
hepatic parenchymal cells (Mizuno). Brakefield and Schmidt 
have observed a greatly diminished ability of jaundiced dogs 
and rabbits to detoxify benzoic acid. It would appear from 
this that the animal body in jaundice is not able to take care 
of certain poisons, as it normally does. Bisso (185) said: 
“The liver is the mightiest protective organ in the body,” be- 
cause it eliminates toxins in the bile. 

In clinical jaundice, Bouchard (230) found that a time 
interval is necessary for the tissues to absorb the pigment. 
Either the poisoning or some of the symptoms may occur 
several days before visible evidence of discoloration of the 
body tissues. Stadelmann (1824) found in icterus a slow 
pulse, weak heart, bleeding of the skin and various organs, a 
slug^sh brain, and delirium. The causes may be: cholesterol 
(he questions this bring the poisonous substance); the bile 
pigments, particularly bilirubin (which he also questions); 
and then the bile adds. Jaccoud found the pulse to be ao-30 
under normal when there is no fever, and fever rarely ac- 
companies tWs condition unless there is some complication. 

Symptoms of jaundice were classified as follows by Mann 
and Bollman (1189): bile pigment in the urine, plasma, and 
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sclerotic and mucous membranes. If the gallbladder has 
been removed, bile pigment in the urine and plasma appear 
within 3-6 hours; if not, the pigment appears in the urine 
much later. The sclerotic and mucous membranes become 
yellow within 24 hours. 

The symptoms of icterus were classified by Quincke and 
Hoppe-Seyler (i 527) as: yellow coloring of the sHn, conjunc- 
tiva, and sclerae; coloring of the urine, sweat, exudates, milk, 
and blood serum; enlargement of the spleen and liver; gastro- 
intestinal disturbances with no absorption of fats and with 
colorless stool; heart action slowed; temperature below nor- 
mal. They (1527) also classified pain according to its varia- 
tions; feces as to color, odor, and frequency; urine as to color 
and amount; hemorrhage of skin, mucosa, and retina; pru- 
ritus; heart as to rate; mental symptoms as to delirium and 
coma; eyes as to xanthopsia and hemorrhage; variation in 
wright; and variation in the coagxxlation time of the blood. 

The following symptoms were listed by Frerichs (634, i : 
93): conjunctiva becomes yellow; yellow sldn; urine pig- 
mented, blood serum pigmented; sweat may be pigmented; 
saliva may be pigmented; there may be itcluness of the skin; 
derangement of general sensations; great exhaustion and 
debility, sadness, peerishness of temper, headache, giddiness; 
taste and sight change; bradycardia; temperature un- 
changed; and derangement of digestion. 

Urinary nitrogen following ligation of the common duct 
increases and remains high, according to Brakefield and 
Schmidt. Injection of bile acids (taurocholic) causes a rise in 
nitrogen excretion. Probably as a result of the toxemia of 
jaundice, a breakdown of the tissue proteins (von Norden) 
occurs, wWch causes an increase in urinary nitrogen and 
neutral sulphur. Bile pigment has a maximum output in the 
urine soon after the onset of jaundice. 

Horrall and Carlson recorded the manifestations of toxicity 
produced by bile as: heart rate decreased and irregular; 
blood pressure decreased; vomiting, bloody diarrhea; anuria. 
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or if there is urine it contains albumin, hemoglobin, red blood 
cells, and — later — casts, cellular then hyaline; the respiration 
amplitude is decreased, the rate increased, edema of the lungs, 
and frequently pneumonia; in the central nervous system, 
convulsions (tonic, clonic, or intermittent) and — slater — 
coma; local bile peritonitis (bile in peritoneum); and local 
abscess from subcutaneous injection. 

POLYCHOLIA (superabundance OF BILE) 

Experimental e^ddence has shown that bile temporarily 
can be increased quantitatively and qualitatively by certain 
diets, and especially by the feeding of bile salts. The ordinary 
daily output of fistula bile in man may be increased from 
500 cc. to more than 1,000 cc. (Gundermann). Disease itself 
probably does not increase the bile. In the literature of the 
ancients, the presence of jaundice probably initiated the idea 
of excess bile, which in reality was retained bile with de- 
creased production. 

ACHOLIA 

The absence of bile was described by Frerichs as the so- 
called “white bile.” The liver fails to secrete a bile containing 
bile salts and pigment but does contain an abundance of 
mucus and cholesterol. Berg did not find obstruction of the 
extrahepatic bile ducts in all cases. White bile is dealt with 
in the chapter on “Toxicity of Other Constituents of Bile.” 

SPECIAL SYMPTOMS OF JAUNDICE 
PRURITUS 

Pruritus, as early as Hippocrates, has been associated with 
jaundice. It is now held to occur in 60-70 per cent of icteric 
cases, both male and female. Several representations of its 
frequency have been given, varjdng from 50 per cent (Cabot, 
309) to 60 per cent when there are stones in the common duct, 
greater still with stricture of the duct, and 75 per cent with 
neoplastic cfiseases causing obstruction (Murchison). Intel- 
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erable pruritus often precedes a definite appearance of jaun- 
dice, accorcfing to Judd. However, it has been found but rare- 
ly except in obstruction of the common duct (Murchison). 
Preicteric itching frequently accompanies cases of obstruc- 
tion of the common duct, owing to neoplastic diseases 
(I^esman), while in hemolytic jaundice there is no itching. 

Moynihan (1323) said: “Almost every patient will declare 
that the relief from the maddening torture of itching is worth 
every sacrifice.” In most cases there is no other disturbance 
of the skin than itching, but occasionally pimples or pustules 
appear. These may be secondary to the scratching, followed 
by infection. Urticaria rarely occurs. This itching has been 
reported as occurring from a few days to a few months before 
the actual pigmentation of the skin or sclera (Riesman, 
Graves) without other premonitory symptoms. Where there 
is a total obstruction, it is more common than bradycardia. 
It is at times very annoying in acute catarrhal jaundice, 
where it usually occurs early in the course of the disease, 
bleeding occurring late. 

In the investigation of the causes, bile pigment was con- 
sidered. Pruritus occurred without jaundice, and there was 
a normal quantity of bile pgment which gave the direct van 
den Bergh reaction (McVicar). It was observed again in early 
obstructive jaundice where the bilirubin concentration was 
normal. Thus, pruritus may occur with a normal concentra- 
tion of bilirubin in the blood. Very severe cases of jaundice 
are frequently observed with a high van den Bergh reaction 
and no itching of the skin. Thus, the itchii^ cannot be at- 
tributed to the pigment, and bears no relation to the quantity 
of it (Graves, Quincke, Rolleston, and Frerichs). The inten- 
sity of the itching bears no constant relation to the anticipa- 
tory d^ee of pigmentation. It is not pathognomonic. In a 
case with an injection of pigment into the blood stream of 
I gm. to 800 cc. of blood, there was no itching (Chabrol). 
These results, though, are defective in that the bile salts and 
pigments of a normal person are more rapidly eliminated than 
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in a jaundiced person. However, the injection did not cause 
pruritus. 

In determining the influence of bile salts, the Pettenkofer 
reactions were not always positive. Values ranged from 5.1 
to 15.3 mm. per 100 cc. of blood in patients with nonobstruc- 
tive jaundice and no pruritus, while values of S-J-S.y were 
found in cases of liver disease with pruritus and no jaundice. 
A value of 16.3 was observed in a patient with liver disease 
and obstructive jaundice with pruritus. Also, a 3.5 value was 
obtained in a case of nonobstructive jaundice with pruritus 
(Rowntree, Greene, and Aldrich). An intravenous injection 
in man of 2-3 gm. of bile salts did not cause pruritus in spite 
of the increase in concentration of bile salts in the blood to 
0.50 gm. per Uter, i.e., a concentration five times the greatest 
bile-salt retention observed in complete obstruction of the 
common duct (maadmiim). Furthermore, an injection of bile 
salts brought relief in a case of chrome vesiculo-erythematous 
eruption with intense itching. Thus, pruritus may occur with 
high Pettenkofer values or with a normal quantity of bile 
acids in the blood. This disproves the theory of the French 
school, and generally held today, that pruritus is due to bile 
salts. 

Likewise, pruritus of jaundice has no relation to the isomer 
of bilirubin, namely, hematoporphyrin, which causes itching 
in the daytime soon after the skin has been exposed to the 
sunlight. Pruritus of jauneflee occurs at night when the skin 
is covered, and sunlight has no eflFect on its intensity. In ad- 
dition, it has no relation to the cholesterol in the blood (Snell) 
or porphyrin (Rosenthal). Neither is it a question of carbo- 
hydrates affecting the nerves (Lichtman). 

It has been suggested that pruritus is due to the failure of 
liver metabolism. In certain cases of persistent itching with- 
out jaundice there is a decreased ability of the liver to excrete 
phenoltetrachlorphthalein. Thus, pruritus is associated with 
a disturbed hepatic function (McVlcar). 

Does the absence of bile from the intestine permit the pro- 
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duction, and also the absorption, of abnormal substances 
which cause a reaction similar to the urticaria from straw- 
berries? The retention of metabolic poisons normally ex- 
creted in the bile by the liver may cause the pruritus, but we 
do not have sufficient evidence on this subject. 

As for treatment, complete relief often is obtained follow- 
ing drainage of the gallbladder even before the blood bile 
returns to normal. It has also been suggested* that the most 
efficient treatment is to get rid of the icterus. However, since 
this symptom cannot be reproduced in experimental animals, 
the etiology must be investigated in man, an unfortunate 
situation with regard to this research. 

XANTHOMA 

The presence of xanthoma in chronic jaundice, according 
to Hewlett, indicates that there is some alteration in the 
metabolism of cholesterol, since these yellow tumors contain 
fairly large cholesterol deposits. Other terms used for xan- 
thelasma are molluscum choUsterique and xanthoma diabeti- 
corum. Small yellowish lesions frequently appear about the 
eyelids, and at times are found distributed over the body. 
These vary in color from lemon or orange to a deep brown. 
Jaundice is associated with xanthoma, according to Stel- 
wagon, in 23 out of 28 adult cases. Xanthoma diabeticorum 
is associated with liver disfunction. The symptoms are those 
of a small tumor, and there may be itching. 

Cholesterol in the normal blood serum averages 0.16 per 
cent but is usually increased in chronic jaundice. The color 
in the tumors is due to bile or blood pigment. Palmer has 
shown that orange, red, and yellow pigments in animals and 
plants are due to carotinoids, carotin, and xanthophyll. 
White body fat is found in hogs, sheep, dogs, and cats; and 
there are no pigments in the blood serum. In cattle, blood 
serum, fat and butter, are colored with carotin, which is de- 
rived from the food. In the hen, the egg yolk and fat are due 
to xanthophyll, derived from food. 

* JAMA ^ 92 **830, 1929. 
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This involves also the question of the relation of plant pig- 
ment and animal pigments, such as hemoglobin and bile pig- 
ments. Some of the structural formulas are very closely re- 
lated; there also is a similarity in the reaction to sunlight. 

With this large nvimber of pigments causing pigmentation 
of various body tissues, it is impossible at the present time to 
incriminate bilirubin definitely. 

YELLOW VISION 

Xanthopsia, yellow vision, rarely occurs. Lucretius ap- 
peared to have observed it: “Lurida praeterea fiunt quae- 
cumque videntur arquatis.” Galen, Syndenham, and Legg 
have also observed this condition. Frerichs (634, 1:108) 
never had an opportunity of sedng a case, although he al- 
ways made inquiries on the point. Yellow ■\dsion usually oc- 
curs only in those patients who have been jaundiced for a 
long time. There are a number of other conditions which give 
yellow vision, such as an overdose of santonin, which 
Frerichs said is due to the medicine in the blood stream; and 
likewise yellow vision in jaundice is due to bile pigment in the 
blood stream. The patients complain of normally white ob- 
jects appearing yellow. Some compldn of all objects having 
a yellowish border. The humors of the eye may be colored 
with bilirubin. This change in vision is probably similar to 
the yellow vision produced by santomn. The writer had, on 
one occasion, intense orange-yellow vision following the use 
of santonin. Xanthopsia may be present only a few hours, or 
it may continue for days. It frequently disappears before the 
skin has lost its yellowish color, 

THE LIVER IN JAUNDICE 

With the obstruction to the outflow of bile, impairment of 
liver function be^ns immediately and is progressive so long 
as the obstruction eidsts. The cause of this deficiency and its 
course and effect on the body should be sought. It is obvious 
that, unless the destruction has progressed too far, the proc- 
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ess is reversible, for with release of the obstruction the liver 
returns agdn to normal function. 

There are a large number of conditions which cause jaun- 
dice. All have one common symptom, that is, the retention 
of bile pigment. Either more pigment is thrown into the 
blood than is usual or the levels of the portals of eat have 
been raised. Essentially, then, there is a failure of excretion. 
Since the liver is the principal excretory organ for bile pig- 
ment, one can only conclude, upon the appearance of jaun- 
dice, that the liver does not excrete an adequate amount of 
bile. From this method of reasoning, one finds dyscholia, or 
even acholia, entirely possible as far as the liver is concerned. 
But it is necessary, then, to know the source of all the con- 
stituents of bile to determine whether the liver is only a selec- 
tive excretory organ or the real manufacturer or transformer 
of the various substances in bile. If the liver only selectively 
removes these substances from the blood stream and does not 
manufacture them chemically, then in any retention jaun- 
dice the toxic substances in the bile will accumulate in the 
blood stream and in other tissues. If the liver manufactures 
or transforms or alters these substances, at least in part, then 
there may be a toxicity caused by hepatic failure. 

The evidence so far given seems to favor a multiplicity of 
functions for the liver, such as, extractor of poisons from the 
blood, detoxifier, and manufacturer. 

That there is actual liver involvement, according to Brake- 
field and Schmidt, has been shown by the decreased ability 
of the liver, in dogs with obstruction of the common duct, to 
synthesize hippuric add or detoxify benzoic add by conjuga- 
tion. 

Microscopic evidence is also available if an examination is 
made of the livers of dogs following obstruction of the com- 
mon duct. In the liver of a dog with obstruction for 4 weeks, 
the trabeculae are slightly distorted and the bile ducts are 
swollen; with obstruction for ii weeks, the trabeculae are 
considerably distorted and many of the cells are broken 
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down, the interlobular connective tissue is increased, and 
there are large biliary thrombi around broad spaces, also a 
great number of giant cells. 

An extensive study of the liver in obstructive and toxic 
jaundice was made by Ogato. The cirrhotic altering after 
ligation of the common duct was different from the toxic 
type. In the latter there was considerable connective tissue 
proliferation in addition to the deterioration of the parenchy- 
ma. There was a tissue increase in the bile passages, and 
connective tissue appeared, which was not a regeneration 
process after necrosis of the parenchyma but was an inde- 
pendent process through the stimulation of the dammed-up 
bile in the passages. In rats the ducts and connective tissue 
increase was principally intralobular; while in other animals, 
namely, the rabbit, guinea-pig and dog, it was interlobular. 

The usual theory of the pathogenesis of icterus does not 
include all the possibilities. In the earliest stage of stasis ic- 
terus there has been an alteration along the Hie capillaries 
because the jaundice has already appeared before there is any 
evidence of rupture of the capillaries or even thrombosis. 
There are, then, two phases of obstructive jaundice: first, 
ectasia, the bile capillaries are altered, permitting fluid bile 
to pass by filtration into the perivascular lymph stream or 
blood stream; second, the bile capillaries are ruptured, per- 
mitting the expulsion of bile, which is later inspissated, caus- 
ing a predpitate formation. This second phase is important: 
the formation of bile casts in many animals, such as the small 
rodents, is entirely absent, although in these animals a reac- 
tion of the bile passage increases to a surprising extent, in 
contrast to the necrosis in dog and man. Similar observa- 
tions of obstructive jaundice have been made in different 
animals. In icterogen poisoning, bile stasis seems to play no 
role. The appearance of the icterus must be explained as a 
functional ^sturbance of the liver or as of hematogenous 
origin. 

Simple icterus or icterus caused by bacterial infection or 
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chloroform poisoning has caused no plain cirrhotic altera- 
tions, although some of the investigations would point that 
way. The failure of such changes in opposition to the unmis- 
takable progressive alteration in the obstructive jaundice and 
the icterogen poisoning depends entirely on a quicker ap- 
pearance of the melting-down of the trellis vascular structure 
in the necrotic center. 

A study of icteric livers, with spedfic regard for liver cells, 
the meshwork of reticulum fibers, and the reconstruction of 
damaged trabeculae, was made by Schwarz (1734). Of the 
2,0 cases with biliary thrombi, 7 were stucHed in detail. All 
had mechanical icterus, and the destructive changes were 
caused by the retention of bile. Stasis produced dilatation of 
the bile capillaries and tears in the intercellular and intra- 
cellular enihngs of the fine biHary vessels. Thrombi formed 
casts within the capillaries and became coiled; the bile dif- 
fused into the surrounding tissue; and a fine, granular pre- 
cipitate occurred within the liver cells. Trabeculae became 
irregular; leukocytes were scarce; and the destroyed liver 
cells were replaced by new ones. Connective tissue strands 
slowly invaded, evidently from the edges of the acini. 

According to some observers, human bile is incapable of 
causing any permanent hepatic injury. If this be true, man 
differs from all other animals which have been well studied, 
for in these, without exception, aseptic bile stasis results in 
important local changes. In man, however, death usually oc- 
curs before cirrhotic changes are manifest. Biliary obstruc- 
tion undoubtedly produces changes in the liver. Clinical 
jaundice is certainly not due to local liver lesion but to gen- 
eralized injury to the hepatic parenchyma or ducts or to 
blood destruction. 

Some regeneration of the sections of the liver following 
ligation was observed by Richardson. There was invaaon of 
the necrotic areas by columns of liver cells. Gradual shrink- 
age in the size of the liver lobules pointed to a disturbed func- 
tion of the cell and a damming-back of toxic bile. These were 
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handicaps too great for the parenchymatous cells to over- 
come. Some of the changes which occurred in the liver may 
have been caused by the action of bacteria, which in turn 
caused the jaundice. The term aseptic bile is a relative term, 
as the liver bile and gallbladder bile have been shown fre- 
quently to contain various lands of bacteria (Judd). The 
mere presence of bacteria does not indicate that they are the 
actual producers of the pathologic conditions. 

Bile given by mouth, and entering the stomach, small, or 
large intestine, causes a definitely increased secretion of the 
liver, according to Stadelmann (1826). It acts on the liver as 
a stimulant {starkere Reizwirkun^. If a greater amount acts 
on the liver, there is a question as to how much strong stimuli 
can be brought into play before actual damage to the liver 
begins. Leyden found that bile salts injected intravenously 
act as a poison on the liver, causing fatty degeneration of the 
liver cells. Saadi-Nazim and Usuelli presented a rather in- 
teresting theory that the hepatic cells have a double action: 
glycogenStique and & glycogenolytique, which are reversible. In 
animals without a pancreas, the formation of glycogen is not 
possible, since the liver cannot obt^n more insulin; but the 
act of liberation of glycogen is substituted. Their second the- 
ory held that intravenous bile stimulates both hepatic and 
pancreatic cells. The insulin of the pancreas tends to dimin- 
ish the blood sugar, thus keeping the blood sugar a constant, 
sometimes causing it to fall below the normal. Following re- 
moval of the pancreas, the bile acts only on the liver, thus 
increasing the blood sugar. It was further observed that in- 
travenous bile causes these same dogs with a cannula in the 
common duct to secrete a larger amount of bile. 

The various causes of serious symptoms of jaundice were 
listed by Bouchard: biliary poisoning, causing cholemia; cell 
destruction with hepatic alteration; liver atrophy and sup- 
pression of function, causing acholia; renal changes, followed 
by inadequacy; and self-poisoning, with failure to eliminate 
normal toxic products. In malignant jaundice there is an in- 
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terference with liver function, followed by alteration of the 
kidneys and then of all the other tissues of the body. 

When the liver can no longer go on with metabolism and 
can no longer detoxify substances, is it able to continue to 
manufacture bile pigments and bile salts? Bouchard thought 
that when this state is reached it is principally the bile that 
causes the increase in the intojdcation. He did not think his 
ideas of malignant jaundice applied entirely to the acute 
yellow atrophy of Rokitansky; the severe jaundice of 
Ozanam; the typhoid jaundice of Leberet; the essential 
hemorrhagic jaundice of Monneret; or the grave essential 
jaundice of Beneuville. His ideas applied to simple jaundice 
that becomes more and more severe. The liver finally reaches 
the stage where it no longer makes bile; yet it is not the 
acholia that kills the patients; instead, the liver no longer 
detoxifies and the kidneys fail to excrete the poison. The 
greatest danger in jaundice is renal impermeability. Severe 
jaundice might be cured if the kidneys could remain per- 
meable. He believed that the coloring matter does not kill 
in black jaundice because it becomes fixed by the tissues. He 
also thought that the pigment is ten times more toxic than 
the bile salts. 

Jaundice theories . — Frerichs thought there is a suppression 
of the liver’s power of disassimilation (acholia). Buhl be- 
lieved that jaundice is the result of cerebral edema, because 
of the failure of the bile to eliminate water; of suppressed 
hepatic function of short duration; of polycholia of short 
duration; and of uremia. Bouchard concurred with Frerichs. 

HEPATIC INSUFFICIENCY 

Hepatic insufficiency may result from complete occlusion 
of the bile ducts or complete cessation of liver activity with- 
out obstruction. There is too much ailment about this 
point for discussion here, except to say that, when a complete 
hepatectomy is done, the animal survives for only a few 
hours. Mann and his co-workers have shown that a very 
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large portion of liver tissue can be excised and the animals 
continue to live, and that there is actual regeneration of new 
liver tissue, replacing that wWch had been lost. There is an 
actual change in the bile secretion following the administra- 
tion of chloroform to dogs (Drury and Rous); the amount of 
bile is decreased; likewise, the amount of pigment and choles- 
terol is lessened to the extent of being found only in very 
small quantities in the bile. If the amount of chloroform is 
sufficient to cause death by the third day, the bile becomes a 
thin, clear fluid entirely free from bile acids. This is one in- 
stance where there is an actual suppression of the secretion 
(or excretion) of bile, probably because of actual impairment 
of the hepatic cells. When a sublethal amount of chloroform 
is used, there is a greater amount of bile pigment in the bile, 
owing to blood destruction caused by the chloroform anes- 
thesia. 

In hepktic insufficiency there is a fall in blood pressure, a 
slowing of the pulse, itching, albuminuria with renal irrita- 
tion, and a disturbed acid-base equilibrium. All of these, ac- 
cording to the old view, are caused by bile salts. The degree 
of the symptoms bears no relation to the concentration of 
bile salts in the blood. The itching, increased bleeding time, 
and jaundice are present when the bile salts are normal. In- 
jection of bile salts does not reproduce these symptoms. 

In cholemic hepatitis (Walters [2041]), there is paling and 
a thinning of the bile (man with external fistula); the amount 
of the bile increases (cholerrha^a); the patient becomes 
weaker, pulse weaker, temperature subnormal; there is rest- 
lessness, greater fatigue, and vomiting; the jaundice does not 
increase but the pallor does; the urine volume is in proportion 
to fluid intake; and the blood urea remains low. Autopsy re- 
veals: biliary thrombi in the liver, hepatic cells shrunken, 
and fibrosis of the portal areas. 

The hepatic insufficiency may be compared with hepatec- 
tomy, which is followed by hypoglycemia, cessation of urea 
formation, increase in uric acid and amino adds in the blood. 
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However, the cause of the symptoms of liver deficiency can- 
not be assigned to amino acids, as they are nontoxic, as 
shown by Newburgh and Marsh, who injected 2-4 gm, per 
kilogram with no symptoms; polypeptides are equally harm- 
less, as shown by Jackson; and the glycogen starvation is 
certainly not responsible for all the symptoms. 

The most frequent causes of death in jaundice are: 
hemorrhage, uremia, and hepatic insufficiency. 

aisuMi 

The symptoms and signs due to the retention of bile and 
the clinical appearance of jaundice may overshadow the 
unseen factors back of the jaundice or the accompanying 
conditions. The intoxication produced by the retention of 
bile is accompanied by a long train of conditions. Only a 
small portion of these effects can be attributed to bile itself. 

Jaundice is a symptom, not a disease. 



CHAPTER XXIII 
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ICTERUS NEONATORUM 

T he perceptible evidence of jaundice in the new-born 
usually appears a few days after birth, in contrast 
with the earlier appearance in congenitad obstructive 
jaundice. This type of jaundice is present, using visible evi- 
dence as the criterion, in from 40 to 80 per cent of the new- 
born (Marfan). Spectroscopic examination of the blood 
shows a much greater percentage of cases with increased 
bilirubin. The delay in its appearance has been ascribed to 
the greater storage capacity of the relatively large size of the 
infant liver; also, the bilirubin has an extrahepatic origin, 
taking longer to arrive at its normal portal of exit and to 
reach the superabundant circulating amount necessary to 
produce pigmentation in the tissues. Metier (127a) ob- 
served jaundice in 504 out of 4,000 new-born calves; it was 
present in 24 out of 32a examined soon after birth. It per- 
sisted for days or weeks after the calf was bom. Ictems in 
man is usually not present at birth but does occur 24-48 
hours afterward, vrith first a slight tingjng of the conjunctiva 
and finally a deep-orange coloring of the skin in extreme 
cases. A number of theories have been offered to explain the 
causes of jaundice of the new-born. Birch-Hirschfeld has re- 
viewed these: change in the circulation at birth, with edema 
of liver; compression of the bile passages; hematogenous 
ori^n; catarrhal condition; and infection of the navel, with 
phlebitis. Hess found little bile in the duodenum the first 36 
hours, but exc^ive amounts of bile in the stomach and 
duodenum in infants with marked jaundice. He accordingly 
concluded that the new burden placed on the liver is too 
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great for it to cope with and that therefore there is a retention 
of the excess bile in the blood. 

The hematogenous theory, that there is an actual destruc- 
tion of erythrocytes, has many supporters. The fragility of 
the red blood cells in saline solution is, for the minimum, 
50-52. The number of red cells in the new-born is about 
7,000,000, and in a few days decreases to 5,000,000 (Lere- 
bouUet), thus setting free a large quantity of hemoglobin. 
Because there are bile salts in the blood and urine in con- 
genital icterus, Stengel concluded that the jaundice is of 
hepatic ori^n rather than of purely hematogenous origin. 
Since the blood of the new-born contains an excess of bili- 
rubin, Hellmuth concluded that icterus neonatorum is of 
hemolytic origin. Bilirubin has been crystallized from the 
blood and from peritoneal and pericardial fluids in the new- 
born with icterus. Crystals appear in the blood and tissues 
after death. Wandering cells in the peritoneal fluid engulf 
bilirubin crystals. Bile pigment infarcts occur in the kidneys. 
Icterus neonatorum gives only the indirect van den Bergh 
test. Aschoff and Hummel (84) formed the opinion that in 
this (hsease bile pigments are formed from the tissues outside 
the liver. From spectroscopic studies, Ylppo concluded that 
the jaundice is due to greater bile formation in the liver be- 
fore or after birth, with passage of the pigment into the blood 
stream. Stengel supported this view, basing it on the as- 
sumption that purely hematogenous jaundice should not 
present an excess of bile salts. 

The direct relation of the iron contents of the placenta and 
the bilirubinemia and the jaundice of the new-born is due to 
the hemolysis, fetal or maternal, in the placenta (William- 
son). Kramer found bilirubin in the blood of the xunbilical 
cord in quantities from i : 28,000 to i : 140,000; the average, 
1 146,000. The indirect van den Bergh reaction is very defi- 
nite. In 100 new-born tested, the direct reaction was not ob- 
served. All with 1 136,000 or more were definitely jaundiced. 
From these flndings Kramer concluded that icterus neona- 
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torum is not mechanical. He suggested that it is due to a 
destraction of the surplus red blood cells (fetal or maternal). 
The new-born contains a large surplus of both red cell and 
iron reserve. During pregnancy the serum bilirubin which is 
diffusible is increased in the mother, and there will likewise 
be an increase in the blood of the fetus. It is probable that 
there are several factors involved in the production of icterus 
neonatonim. 

Bilirubinemia was found in each of 34 new-born infants 
examined by Bang (109). The fetal bilirubin may increase 
after birth if there has been obstetric trauma, the increase 
being due to absorption of bilirubin from the extravasated 
blood. He concluded that the ordinary jaundice of the newly 
born is not a disease but a physiologic condition. Likewise he 
observed bilirubinemia in patients with extrauterine preg- 
nancies; with fractures and contusions; following operations; 
and, in fact, in any patient with recently extravasated blood. 
The symptoms are usually mild; the feces normal; the pulse 
normal; the urine may contain cells inclosing bilirubin crys- 
tals; and the van den Bergh test gives an indirect reaction 
and shows an increase of bilirubin in the blood. The skin is 
yellow, and the sclerae may be normal or may later turn 
yellow. If the jaundice is prolonged, the temporary teeth 
may be colored green (Abt). 

There is considerable evidence to support the theory that 
before and at birth there is a large amount of bile pigment in 
the blood. 

ICTERUS GRAVIDA 

Pregnancy is accompanied by a biliary retention, with 
emphasis on cholesterol, bile salts, and bilirubin (Chabrol, 
337). There is an increased pigmentation of the face, called 
the “mask of pregnancy”; also of the body, neck, and nipples. 
Gilbert evaluated the average bilirubin in the blood during 
pregnancy at i : 30,000. The bile salts were increased in the 
urine, according to Brul£. Gallstone attacks are frequently 
seen during or just after pregnancy. 
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JAUNDICE CAUSED BY EXTRAHEPATIC 
OBSTRUCTION 

CONGENITAL ATRESIA OF THE BILE DUCTS 

C ONGENITAL atresia of the bile ducts causes jaun- 
dice to develop soon after birth. There is an obstruc- 
tion to the flow of bile from the liver to the intestine. 
Up to the present time only 170 cases have been reported 
(Phillips). Most of these have been verified by operation or 
autopsy. Many theories have been advanced to explain why 
the lumen of the duct becomes occluded. If the complete ob- 
literation does not occur until after birth, the effect of bile 
retention in the system cannot be so accurately determined 
and the time factor will also be variable. 

The symptoms are due to the retention of bile in the body 
and also to its absence from the intestine, causing malnutri- 
tion from defective absorption of foods. The jaundice may be 
present at birth or may appear within 10 days to 2 weeks. If 
the jaundice appears immediately, it is more likely to be due 
to icterus neonatorum. The liver probably stores some of the 
bile pigment; and accordingly it does not appear in the blood 
serum, skin, or conjunctivae until the storage space is over- 
loaded. At this time bile pigment can be found in increasing 
quantities in the blood, which gives the direct van den Bergh 
reaction. Only one case has been reported which gave only 
the indirect reaction (Feldman and Lawson). The direct van 
den Bergh reaction is thought to be present in hemolytic jaun- 
dice only. Bile salts may also appear in the blood serum. The 
temporary teeth may be yellowish, but in long-stanchng cases 
are frequently green. The stools are usually greasy white and 
contaun neither bile pigment nor bile adds. Meconium is nor- 
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mally brownish green, owing to bile pigment. Slightly 
colored stools in cases of complete atresia may be due to the 
pigmentation in the intestinal secretions rather than to bile 
passing by the normal channel into the intestine. The urine 
usually is very highly colored, and bile salts have been ob- 
served (Stengel). Cells containing crystalline bilirubin have 
been observed frequently in the urine. The skin is usually 
yellowish, but in long-standing cases may be greenish in 
color. Hemorrhages are very frequently observed in the skin 
or from the mucous membrane. The coagulation time of the 
blood is greatly lengthened. The nitrogen metabolism is nor- 
mal. The heart rate is frequently slow; some clinicians, how- 
ever, have failed to observe a slow pulse. 

Bile is absent from the intestine; and since it is an essential 
aid to digestion, the absorption of food from the intestine is 
greatly diminished. The pancreatic duct is frequently oc- 
cluded also; so the absence of the combined action of bile and 
pancreatic juice, particularly on the fats in the intestine, 
causes a low fat absorption. The calcium intake, which de- 
pends on the presence of bile salts for its absorption, is like- 
wise diminished. 

The length of life of unoperated infants with complete 
atresia is about lo weeks; very few live beyond 8 months (6 
months. Cole). A few cases have been reported which have 
lived for several years. Those living longer may have anom- 
alous small ducts or only a partial obstruction. The question 
of the length of life following complete biliary obstruction is 
found in another section in this chapter. Death has been at- 
tributed to the toxic action of the accumulated bile acids in 
the body tissues. These acids are not entirely eliminated by 
the urine or by other body secretions but may actually be re- 
tained in the various body cells to such an ractent that the 
cells themselves become overburdened and unable to metab- 
olize their own food satisfactorily. Cert^nly there is mal- 
nutrition from inabiUty to absorb food properly from the gas- 
trointestinal tract. TA^en the general nutrition suffers, ex- 
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haustion appears. Death usually occurs in the first few 
months, frequently from hemorrhages. 

All of these cases of congenital atresia are fatal unless 
operation is performed so that bile passes into the intestine. 
Ladd operated on 1 1 patients, with 6 recoveries. 

The cause of death of infants with atresia of the bile ducts 
cannot, with our present data, be assigned cfirectly and com- 
pletely to the toxicity of bile itself. No experimental data are 
available on ligation of the common duct immediately follow- 
ing birth of lower forms of animals. 

In more than i6 per cent of all reported cases of congenital 
atresia Holmes found the hepatic and cystic ducts normal. 
The surreal procedure would then be a cholecystenteros- 
tomy. Most of the patients do not come to operation until 
the obstructive jaundice has reached an advanced state. 
Only a few of the infants that have been operated on have 
survived. Hemorrhage is an exceedingly grave factor. 

Congenital absence of the gallbladder is more common 
than atresia of the bile ducts, while an anomalous biliary 
tract occurs in about lo per cent of all persons (Mentzer). 

EXPERIMENTAL OBSTRUCTIVE JAUNDICE 

Obstruction of the bile ducts has been known, for many 
centuries, to be associated with jaundice. Frequently at au- 
topsy calculi have been found in the ducts; and the jaundice 
was looked upon as a result of the suppression of excretion of 
bile, because the ducts were already filled with bile (Sannert 
in 1655). The excretory power of the liver cells was blocked 
by the dammed-up bile. The first experimental investigation 
of this doctrine was made by Saunders in 1795, when he 
ligated the bile duct of a dog, which was killed 2 hours later. 
Bile-stained fluid was found about the thoradc duct; paper 
was stained yellow by the blood serum from the jugular vein, 
but the paper was stained a deeper yellow by the serum from 
the hepatic vein. He evidently ligated the hepatic duct, for 
jaundice appears much later following ligation of the common 
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duct with the gallbladder intact. This work was repeated by 
Brodie, the surgeon, in 1823, A silk ligature was applied 
around the common bile duct of a calf, completely preventing 
bile from entering the intestine. This experiment was re- 
peated on a number of animals; all were allowed to live. The 
results were always the same: jaundice appeared, the tunicae 
conjunctivae of the eyes were tinged with bile, and the urine 
was seen to contain bile. Extreme emaciation was found in 
cats similar to that in man. 

Brodie wrote: “The fact of individuals having occasionally 
lived for a few weeks or months under these drcumstances 
only proved that nutrition may take place to some extent 
without chyle being formed. In my experiments I found that 
the more fluid parts of the chyme had been absorbed, and 
probably this would have been sufficient to maintain life dur- 
ing a limited period. These experiments are sufficient to 
prove that the office of the bile is to change the nutritious 
part of the chyme into chyle and to separate from it the 
excrementitious matter.” 

He concluded from his experiments that bile is toxic. His 
work created considerable interest in the scientific world. 
This was followed by the work of Tiedmann and Gmelin 
(1929) in 1824, who recorded the following symptoms due to 
ligation of the common duct: vomiting, loss of appetite, in- 
crease of thirst, jaundice, and diminution of the symptoms 
within a few da3rs after the canal re-established itself. This 
spontaneous canalization happened in one of the dogs. Thus 
was definitely established the association of obstruction of 
the common duct with jaundice. 

Among the early workers and writers were: Boerhaave, 
about lycx); Autenrieth, 1802; Eaglesfield Smith, 1805; 
H. Mayo, 1826; Voisin, 1833; Werner, 1834; Prout, 1834; 
and Blondlot, 1846. 

In Harley’s experiments (767) in 1892 both the conunon 
bile duct and thoracic duct of dogs were ligated. In another 
set of experiments the common bile duct was ligated first and 
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later the thoracic duct; altogether he used 20 dogs. He drew 
the following conclusions from his experimental work. Bile 
which is eliminated in the urine or deposited in the skin in 
cases of obstructive jaundice does not find its way into the 
general circulation through being absorbed by the blood 
capillaries. In obstructive jaundice the lymphatics absorb 
the bile, which goes by way of the thoracic duct into the 
general circulation. If jaundice appears after ligation of both 
the common and thoracic ducts, a collateral lymphatic cir- 
culation has been set up. 

He made an analysis of bile in the gallbladder before and 
after ligation of both the common bile duct and thoracic duct. 
The mucin increased from 0.738 to 1.890 per cent; the fat and 
lecitlun decreased slightly; the cholesterol increased marked- 
ly from 0.034 to 0.557 per cent; and the sodium taurocholate 
decreased from 12.689 10.055 per cent. The less soluble con- 

stituents of bile, such as cholesterol and mucin, were most 
concentrated; ligature of the thoracic duct not only pre- 
vented obstructive jaundice but checked it even after it had 
set in. 

The relation of obstruction of the common duct to jaundice 
in the dog was shown by Haberland. When there was no in- 
fection of the bile ducts, the dogs gave no evidence of abnor- 
mality for the first 4 weeks. Bile pigment appeared in the 
blood and urine la hours after the operation. The skin did 
not become yellow. The highest serum bilirubin was only 
1.43 mg. per 100 cc., as the kidneys of the dog have a very 
low threshold value for bilirubin. After 4 weeks, symptoms 
began to appear and gradually became very severe; drrhosis 
of the liver, ascites, cachexia, heart weakness, and general 
intoxication. The skin finally became yellow. 

Following ligation of the common duct in dogs the bili- 
rubin, bile salts, and cholesterol increase in the blood (Varela 
and Rubino). Bilirubin increases gradually and reaches a 
marimum in 3-7 days and continues high. The bile salts in- 
crease to five or six times thdr original level and reach a 
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maximum in 7 or 8 days; then gradually return to their 
previous normal level, which varies. Cholesterol decreases; 
then may increase one or two times and then decrease. The 
variations in the serum bilirubin in cats parallel the patho- 
logic changes in the liver for about 2 weeks; then there is no 
constant relationship (Cantarow and Stewart). The diazo re- 
action is positive after 27-48 hours in dog’s serum (Oka). 

Following obstruction of the common duct the liver is 
affected, the bile passages dilate, the parenchyma is en- 
croached upon, and the hepatic tissue gradually ceases to 
function. A comparable series of changes takes place in de- 
hepatized dogs: the blood sugar is lowered; the uric acid in 
the blood is increased; and the amino acids are not metab- 
olized. Thus the deamidization, and consequently detoxi- 
fication, is prevented. 

The dilatation of the bile ducts in man was found at 
autopsy, by Counseller and Mclndoe, to be in proportion to 
the length of time of obstruction of the ducts and also to the 
degree of the obstruction. Complete obstruction showed dila- 
tation of the terminal filaments. Hepatic parenchyma was 
atrophied in proportion to the dilatation of the ducts, prob- 
ably resulting from pressure of bile. 

Obstruction of a small portion of the liver is followed by 
complete parenchymal atrophy of that part. Common duct 
occlusion may cavise death before demonstrable changes have 
had time to take place in the liver (Judd and Burden [948]). 

It would appear that the toxicity of obstructive jaundice 
may be extremely complicated, involving all the functions of 
the liver. The toxicity to some extent, but certainly not en- 
tirely, may depend on the presence of accumulated bile 
antecedents and bile constituents in the organism. 

The effects on the liver of sudden occlution of the common 
duct in experimental animals cannot be compared very close- 
ly with the human obstruction by gallstones, for it may be 
that gallstones are associated with, or precipitated by, infec- 
tion in the bile passages or gallbladder. 
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Moynihan in 1926 made the statement, “No one living is 
infallible in the diflFerential diagnosis of obstructive jaun- 
dice.” 


LENGTH OF LIFE WITH OBSTRUCTION OF THE 
COMMON DUCT 

In man it is difficult to determine just when obstruction 
actually occurs, when it becomes partial, or when it is com- 
plete. In experimental animals a ligature placed about the 
common duct often becomes included within a mass of new 
tissue, and a new canal forms about it, making a completely 
open passage for the bile, identical with the old common duct. 
The ability of an animal to replace its common bile duct may 
lead to a large amount of confusion and misinterpretation. 
In experimental work to obviate this recanalization of the 
common duct, it has become customary to apply a double 
ligature about the common duct and to sever the duct be- 
tween the ligatures, or even to remove a section of the duct 
for examination. Again, anomalous bile ducts are so common 
in man and lower animals that occasionally they could cause 
erroneous interpretations through failure of recognition even 
at autopsy. Even one of these multiple ducts may carry 
enough bile from the liver to the intestine to cause serious 
misinterpretation, especially when it is remembered that only 
a small portion of the liver is absolutely essential to life, and 
also that Mann’s partially hepatectomized animals very 
rapidly replaced the removed liver tissue. An excellent re- 
view on these anomalies by Mentzer (1268) in 1929 was very 
timely. 

A woman with complete obstruction of the common duct 
for 3I years, according to Wangensteen (2051), died following 
an operation at which no extrahepatic ducts were found. 
Autopsy showed complete obliteration of the ducts. Jaundice 
of 16 years’ duration in a woman nineteen years old has been 
reported by Treves. At operation a complete fibrous oblitera- 
tion of the common duct was found. A cholecystenterostomy 
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was done, and the patient was still living 10 months later. 
Most patients die within the first 6 months following com- 
plete obstruction. 

Dogs usually live 40-65 days following occlusion and 
severance of the common duct (Haberland). Mann, using a 
low protein diet, increased the length of life. Of the smaller 
animals: rabbits (Gerhardt [670]) survive 3-10 days, maxi- 
mum 31 days; rabbit (Haberland), 34 days; guinea-pigs 
(Steinhaus), not more than 10 days; mouse, 9 days; rats, 23 
days; cat, 41 days (Haberland). StiU and Carlson (1842), fol- 
lowing ligation of the common duct, reported that one dog 
lived 206 days, which is the longest time yet recorded. 

It is generally conceded that the average length of life fol- 
lowing continuous obstructive jaundice is not more than 6 
months. Some patients may live much longer, but it is doubt- 
ful whether there has been a complete obstruction ever since 
the appearance of jaundice. Autopsy frequently discloses a 
partial obstruction of the common duct with jaundice. It ap- 
pears that benign obstruction, such as stricture following 
operation, will gradually close the lumen of the duct. If only 
a small amount of bile passes through into the intestine, the 
length of life will be greatly prolonged. 

The usual cause of death is not the toxic bile substances 
but some primary patholo^c condition, such as sarcoma of 
the liver or carcinoma of some structure pressing on or in- 
volving the bile passages. If the obstruction is due to a be- 
nign condition, a low meat diet usually prolongs life beyond 
the ordinary prognosis. 

SURGICAL RISK IN JAUNDICE AND PRE- 
OPERATIVE TREATMENT 

Operations on patients with obstructive jaundice offer 
three avenues of danger, aside from the so-caUed “accidents’' 
of surgery: hemorrhage, uremia, and hepatic insufficiency 
(Walters [2041]). 

With hepatic insufficiency, jaundice increases, the coagula- 
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tion time of the blood is lengthened, and the blood urea in- 
creases until the patient goes into uremic coma. The surgical 
risk is from oozing of blood rather than from hemorrhage of 
large vessels. The toxemia is due to the increased nonprotein 
nitrogen in the blood. Hepatic insufficiency is accompanied 
by deficiency of glycogen. 

In some cases the action of calcium chloride on the coagula- 
tion of the blood has been very transient. It is necessary in 
these cases to operate within the period of time when the 
coagulation time is most greatly diminished. Blood transfu- 
sions may diminish the coagulation time of blood for 8 hours. 

The mortality of operation on deeply jaundiced patients 
was 65-75 per cent before recent methods were developed, 
such as intravenous injections of calcium chloride, blood 
transfusions, quantitative bilirubin estimations in the blood, 
including observations of its fluctuation and renal function 
tests. Now the risk of operation on all patients with jaundice 
in the Mayo Clinic is below 10 per cent (Walters and Mc- 
Vicar [2046]). 

At times intravenous calcium by the Lee and Vincent 
method fails to reduce the blood-clotting time. When tlus 
method fails, transfusions are imperative. Calcium chloride, 
10 per cent, given intravenously on three successive days, 
often reduces the time from 30 minutes to normal (Walters). 
An actual defidency in calcium in the blood stream has not 
been demonstrated in jaundice. There seems to be some dif- 
ference in the reaction of the jaundiced dog and the normal 
dog to toxic doses of caldum. The work of Emerson (531) 
showed that the average lethal dose of bile given intravenous- 
ly at a given rate, until death occurred, was 8.75 cc. per 
pound of dog for 7 dogs, as compared with 7.50 cc. of bile and 
5 per cent caldum chloride for 19 dogs. He conduded that 
caldum does not protect against the toxicity of bile. 

Horrall found that caldum chloride, added to bile and bile 
salts in various proportions prior to intravenous or intraperi- 
toneal injections, not only does not protect against the bile 
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but increases the toxicity, causing death with smaller 
amounts of bile and within a shorter time following the in- 
jections. 

A few hours before operation the preparatory treatment 
should consist of rest, increased fluid intake, adequate glucose 
administration, and sufficient calcium or blood transfusion to 
cause a diminished coagulation time of the blood to near 
normal. Finsterer (582) advised irradiation of the spleen im- 
mediately preceding operation on jaundiced patients, as a 
preventive of cholemic hemorrhages. If ^ven 24 hours pre- 
viously, it has little or no value, as the effect has worn away. 
The precise action of the Roentgen rays was not explained. 



CHAPTER XXV 


BILE LOSS; EXTERNAL BILIARY FISTULA 
AND LENGTH OF LIFE 

T his chapter has to do with the free passage of bile to 
the exterior by way of a fistulous tract, with partial 
or complete loss of all bile constituents, and the con- 
ditions resulting from the feeding of bile. 

The harm that can come from bile may be due to either its 
presence or its absence; but the writer has assumed in this 
monograph that in most instances the toxicity of bile refers 
to the presence of bile, its excess, wrong location, or action 
under pressure, one exception being where bile is lost through 
an external biliary fistula. The absence of bile is followed by 
a certain series of symptoms, such as those which are associ- 
ated with a permanent biliary fistula. 

The related abnormalities to bile fistulas are: (i) intestinal 
disturbances, with loss of weight; (2) spontaneous bleeding 
and anemia; (3) spontaneous fractures and bone abnormali- 
ties; (4) duodenal ulcers; and (5) cholelithiasis, with obstruc- 
tion of the fistulous tract (Hawkins and Whipple). Perma- 
nent biliary fistula in dog causes a decrease in blood calcium 
and phosphates, a marked decrease in alkali reserve, and an 
increased output of calcium in the bile (Cavazza). The hypo- 
calcemia frequently causes tetanic symptoms (Heymann). 
Removal of the parathyroids influences the electrolytic con- 
tent of the blood in biliary fistula (Nicolosi, Rabboni) and 
diminishes the output in the bile (Tuzioka). 

Other factors are recorded under the discussion of cholemic 
hemorrhage, chapter xi. 

Infection of the gallbladder and biliary tract usually occurs 
in animals with an external biliary fistula but may not seri- 
ously impair the health of the animal. Experimental ex- 
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ternal sterile fistulas have been prepared in dogs by Rous 
and McMaster. Bile output of these dogs, even with fasting, 
could not be reduced below 30-40 mg. of bile salt per kilo- 
gram of body weight per 24 hours, as determined by the 
amino-nitrogen method for measuring the bile salt in terms of 
taurocholic acid. 

Continuous external drainage of bile causes rapid loss of 
weight and cannot continue indefinitely. Experimental evi- 
dence has shown that if animals lose all their bile they will 
live only a few weeks, rarely more than a few months. But if 
these animals are fed bile and liver, they continue to live 
almost the normal course of life. Even a small amount of bile 
causes marked improvement of the animal’s condition. It is 
evident that bile is necessary for life of man and experimental 
animals. Under experimental conditions, Schwann, in 1844, 
was the first to investigate the effect of biliary fistula. All of 
his dogs with complete external fistula died of emaciation and 
general loss of weight; 1 dog lived 80 days. He concluded that 
bile is essential to life, and even today there is no satisfactory 
evidence to contradict his statement. Life may continue for 
a few months; but when there is a complete biliary fistula, 
there is a definite progressive downward trend to an inevita- 
ble death within a few months. The average length of life of 
34 cases was 7 months, and the maximum was 3 years. The 
principal disturbance was anemia (Balfour). 

One dog was kept alive for 8 weeks on a meat diet by 
Bidder and Schmidt in 1852. Since then, fistula bile from a 
great variety of animals, such as dog, cat, pig, sheep, guinea- 
pig, horse, rabbit, and man, has been studied. Biliary fistula 
frequently followed operations on the gallbladder where only 
cholecystotomies were done. A review of the effect on man 
of loss of bile has been made recently by Wangensteen, who 
points out that life goes on fiurly w^ for months, and even 
for years, by refeeding with bile. Judd and White found no 
ill effects from prolonged external drainage of the bile pro- 
vided the bile was restored to the intestinal tract. 
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A woman was operated on in 1890 for complete obstruction 
of the bile duct by Paton, resulting in a complete biliary 
fistula. The bile was caught in a caoutchouc bag. She ap- 
peared to be in excellent health 2 years later, with weight 
normal and bowels normal. A chemical and physical exami- 
nation of the bile was normal. Nothing was said about the 
character of the stool; so one questions the possibility of the 
bile fistula being only partial. 

In view of recent discoveries of the enterohepatic circula- 
tion of the bile salts and vitamins, bile must be considered as 
a very composite liquid, containing excretory and secretory 
substances, which are essential. 

ANEMIA 

Continued external biliary fistula is always marked by a 
profound progressive anemia, diminution of hemoglobin and 
red blood cells. Part of the anemia is due to the inability of 
the intestine to absorb food properly; part, to bleeding into 
the tissues; and part, to bleeding from mucous surfaces. 
There is an excess bile-pigment production which is about 
seven times the normal output (Queen, Hawkins, and Whip- 
ple), which would indicate the appearance of petechiae with 
the formation of pigment from hemoglobin. 

A fistula was made in dogs by Seyderhelm and Tammann 
(1752) between the gallbladder and the urinary bladder, and 
the common duct was ligated. In i month the dogs lost 40 
per cent of their waght; hemoglobin went down; the red 
blood cells likewise decreased; but the leukocytes increased. 
The progressive loss of blood was the same whether the spleen 
was removed before or after the bile fistula was made. Death 
occurred sooner in dogs with splenectomy (Queen, Hawkins, 
and Whipple). The fistula dogs which were fed 50 cc. of ox 
gall twice daily did not have such a progressive anemia. The 
exact constituent in the bile wMch prevented anemia is un- 
known. 
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OSTEOPOROSIS 

Osteoporosis in dogs was first definitely shown, by Pavlov 
in 1904, to be the result of exclusion of bile from the intestinal 
tract. A few weeks following the making of the fistula, spon- 
taneous fractures occurred. (Clinical records show that many 
persons with long-continued external biliary fistulas have 
spontaneous fractures.) Osteoporosis or rickets developed be- 
cause of loss of calcium, deficient sunlight, and lack of vita- 
min D. The age determined whether rickets or osteoporosis 
developed, as rickets occurred only in the young. Rabl (153a) 
verified this with rats. Osteoporosis developed when there 
was bile fistula, causing a chronic loss of alkali with resulting 
acidosis. Dieterich (458) observed an enlargement of the par- 
athyroids and osteoporosis, owing to a persisting biliary 
fistula. 

Further investigations in bile fistula dogs have shown 
definite alterations in the bone calcium. The compact bone 
became porous, and there was an excess depoat of caldum at 
the epiphyseal line. This has been shown by chemical inves- 
tigations of the bones and by Roentgen-ray and patholo^c 
examinations. Dogs with fistula between the gallbladder and 
urinary bladder were used by Tammann (1877) and Pagliani. 
Blood calcium was followed; and even though the dog de- 
clined much in weight, the blood calcium remained normal; 
fractures occurred spontaneously in the ribs of many of the 
dogs. Roentgen-ray examinations, taken at different inter- 
vals, showed progressive decalcification of the bones. Bone 
regeneration following rib resection at the end of 5 months 
was negative; while that of the controls, done at the same 
time, was normal as to quantity and quality. Activated cho- 
lesterol, given subcutaneously, and sunlight prevented de- 
mineralization and promoted healing. 

Five patients with complete external biliary fistula were 
observed by Duttmann. He found an addosis with a fall in 
the alkali reserve. The loss of calcium in the bile was made 
up by mobilization of calcium, presumably from the bones. 
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the blood calcium remaining normal. The loss of calcium and 
the lack of vitamin D from disturbed fat ingestion caused a 
porotic malacia. Vitamin administration did not prevent 
bone changes so long as the acidosis remained. The patients 
with total external biliary fistulas were studied after fasting 
for 24 hours. The urine phosphates, primary and secondary, 
had increased in quantity; the serum calcium was increased 
to 12.4 per cent; the alkali reserve (blood) Van Slyke was 39.5 
cc. minimum to 50.4 cc. maximum; the calcium of the urine 
was increased; the volume of the urine excretion was twice 
that of the bile excretion (urine 1,000 cc. to bile 500 cc.). The 
continuous loss of bile alkali caused protracted acidosis; the 
acid excretion in the urine increased, and the alkali reserve in 
the blood decreased below normal; the calcium of the blood 
increased mobilization from the depots, and the calcium loss 
in the bile continued high. The more alkali there was in the 
bile, the more acid there was in the urine; pH of the bile in- 
creased, and that of the urine decreased after administration 
of sodium bicarbonate by mouth. Bile fistula caused acidosis, 
which served to alter the calcium metabolism. This altering 
of the acid condition of the body resulted in mobilization of 
calcium from the depots, namely, the skeleton. The absence 
of bile from the intestine influenced the fat digestion, so that 
a smaller quantity of vitamins A and D was absorbed. The 
calcium loss through acidosis and the vitamin deficiency 
caused a. porotischen Malacie (osteomalacia). Vitamins alone 
will not prevent the alteration of the bone from taking place. 
The feeding of bile and absorption of vitamins caused a nor- 
mal calcium metabolism through an increase of the acid in 
the blood. Foster, Hooper, and Whipple (617, 618) have re- 
ported the development of abnormalities in the bones of dogs 
with prolonged external biliary fistula. The feeding of bile 
salts is not as effective as whole bile. But bile salts and vita^ 
min D by mouth are sufficient to produce a calcium-phos- 
phorus balance and to cure the osteoporosis in rats and dogs 
(Greaves and Schmidt). Bile salts play an important role in 
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the absorption of calcium from the intestine. Milk and bile 
salts cause an increase in calcium in the blood (von Bezn£k). 

Osteomalacia may be due to inability to absorb vitamins 
because of the absence of bile from the intestine or the failure 
of the enterohepatic circulation of bile salts associated with 
the vitamin preservation or intake. More likely, the absence 
of bile from the intestinal tract prevents the absorption of 
fats which contain the fat-soluble vitamin, and that, in turn, 
modifies calcium and phosphorus metabolism. 

Vitamin A can be absorbed from the intestine in the ab- 
sence of bile, but bile is essential for the absorption of carotin 
in rats. In obstructive jaundice and phosphorus poisoning 
the ability of the animal to convert carotin into vitamin A is 
reduced. Bile acids are necessary aids in carrying carotin 
across the intestinal mucosa. Fats are not necessary (Greaves 
and Schmidt). The feeding of vitamin A and cholic acid (gal- 
losterin) prevents rickets in rats when the diet contains nor- 
mal portions of phosphorus and calcium (Murao). A similar 
effect is produced in rats when methyl-ester-jS-cholic acid 
which has been treated with ultra^dolet rays is fed; the 
rachitic bones return to normal (Kikuzawa). Viosterol (vita- 
min D, irradiated ergosterol), given daily to dogs, has no 
effect on the calcium output in bile, or on serum calcium, 
which usually runs slightly lower than the bile calcium 
(Jones). Bile given to chicks does not enhance the antirachit- 
ic action of vitamin D. Bile contdns very little vitamin D. 
Bile acids aid in the resorption of vitamin C (Klodt). Syn- 
thetic crystalline vitamin D has an antirachitic effect 
(Windaus). Fat-soluble vitamin deficiency causes a de- 
creased pH and lessened buffer action in rabbits — changes 
parallel with avitaminosis (Usuki). The bile acids have no 
effect on the blood-caldum content when the va^ have been 
sectioned. The bile acids act on the vagi antagonistically to 
the sympathetic nervous system and opposite to the action 
of adrenalin (Seldtoo). The decrease in calcium in the blood, 
urine, and feces can be brought to normal and the calcium- 
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phosphorus balance maintained in rabbits by feeding bile 
salts (Sekitoo, OHi). There is still another possible action of 
bile acid: the inhibiting action of the amino acids on lipase is 
decreased, and bile acid then works on the fat-splitting in the 
gut, preparatory to absorption (Karasawa). 

The blood phosphatase is present in the bile in a con- 
siderable amount (Kang). With obstruction of the common 
duct the serum phosphatase is increased thirty to one hun- 
dred times the original value within 6 days. But according to 
Urald, bile acids inhibit phosphatase action in rabbits and 
increase phosphatese action. The synthesis of glycerophos- 
phoric acid is increased by cholic acid (Takata). The increase 
of inorganic and organic phosphoric acid in the blood, caused 
by cholic acid, is only temporary and is followed by a de- 
crease below normal after 2-3 hours (Kimura). This interre- 
lation of bile acid, vitamins, and bone metabolism is rather 
heterogenous and necessitates much more extensive work be- 
fore the effect of bile on osteomalacia and rickets can be 
explained. 

External biliary fistula should always be avoided in man if 
it is possible to make a gastrobiliary or enterobiliary fistula. 
If this is impossible, the next operation, of choice, is external 
biliary fistula, as contrasted with complete obstructive jaun- 
dice. The length of life in obstructive j aundice is always lim- 
ited. In simple external biliary fistula, proper supplementary 
feedings of bile and liver can always be accomplished, and 
thus life may be prolonged for an unknown period. 

Bile loss seems to be far afield from the toxicity of bile. 
The toxicity is due to the absence of bile, not to its presence. 



CHAPTER XXVI 

THERAPEUTIC EFFECTS OF BILE ACIDS 


T he retention of bile in the body causes certain toxic 
symptoms, and the failure of bile to reach the intes- 
tine prevents proper digestion and results ultimately 
in death. The retention of purely excretory bile constituents 
in the blood stream inhibits the normal cellular activity. It is 
necessary for life that the metabolic products be ultimately 
and properly removed, and that bile aid in the absorption 
of food from the intestine. A substance -which would cause 
these functions to be performed satisfactorily has long been 
sought. Various substances have been used empirically 
during the past three thousand years. Some of these sub- 
stances have been classed as cholagogues. Strictly speaking, 
a cholagogue is a substance which causes the expulsion of bile 
from the biliary tract. The most desirable substance, a chol- 
eretic, would cause actual secretion and excretion of bile 
constituents. The only really effective stimulant of bile for- 
mation is bile or bile salts. The ordinary bile adds are too 
toxic for use in sufficient quantities, either by mouth or in- 
travenously. When injected, they act deleteriously on the 
blood, heart, and various body tissues. The choleretic effect 
has been shown by Neubauer and also by Pohl. Some of the 
bile acids do not stimvdate the secretion. The most satisfac- 
tory are apochoHc, desoxycholic, dehydrodesoxycholic, oxy- 
cholic, and dehydrocholic acids. A choleretic is desired which 
is effective, yet relatively nontoxic. 


DEHVDS.0CH01.IC ACID 

Dehydrocholic add was first synthetixed by Hammarsten, 
in i88i, by osadmag cholic acid vdth chromtrioxide. Itis not 
a natural bile constituent. The structural formula was deter- 
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mined by Wieland in 1929. Dehydrocholic acid is changed to 
sodium dehydrocholate by the addition of sodium hydroxide. 
This latter form is used for injection. It is discussed here be- 
because of the important use made of bile acids to stimulate 
the secretion of bile and the possible toxic effects it might 
have on the recipient. It is used intravenously or orally. The 
toxic action of bile acids has been shown in previous sections. 
The various bile acids have different relative toxicities, for 
example, desoxycholic acid, which is very toxic when com- 
pared with dehydrocholic acid. The toxicity of the bile acids 
depends on their surface activity, for the lower the surface 
tension the greater the toxicity. The surface activity is re- 
lated not to the choleretic effect but to toMcity. Dehydro- 
cholic acid is one of the least surface-active of the bile acids, 
and for this reason its tojdcity was investigated. 

ACTION ON BLOOD 

Hemolysis of rabbit and human corpuscles in saline solu- 
tion was caused by 0.63 per cent sodium dehydrocholate, 
while only 0.04 per cent sodium desoxycholate was required, 
according to Neubauer (1367). The concentration of sodium 
dehydrocholate necessary to produce hemolysis in vitro was 
much greater than that ever reached in vivo with the ordi- 
nary therapeutic intravenous injection. It has also been 
found that, if the dehydrocholate was injected into blood 
serum, the serum afforded additional protection. Regan and 
Horrall, using human corpuscles in physiologic saline solu- 
tion, found that sodium dehydrocholate, in comparison with 
some very pure sodium glycocholate, had a very slight 
hemolytic effect. There was a decrease in the bilirubin con- 
tent of the blood in patients a short time after intravenous 
injection of a gm. of sodium dehydrocholate (Adlersberg and 
Neubauer [21]); a few hours later there was an increase; and 
24 hours later, a second decrease. The cholesterol content of 
the blood serum was considerably lessened by intravenous 
injection of sodium dehydrocholate; yet in one case it rose 
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higher (Gardner and Gainsborough). The resis^^^^f ontent 
red blood corpuscles was lessened. The cholest®’^*’ h 
of the red blood corpuscles was lessened after l 

administration of sodium dehydrocholate to 
later rose higher than the original value. Thi® ! i 
caused a greater resistance of the red blood cells ^ 
increase of the protecting power of the seruffi ^ 

action of bile acids. 

ACTION ON BACTERIA 

Dehydrocholic acid in small concentrations 
growth of both S. aureus and pneumococcus g ^qI- 
Neubauer [978]). It has no effect on B. typhos'^® " <■ ,4 
in a 3 per cent solution. The possibility has bee® ®'*P . 
that sodium dehydrocholate may have a bacterici“*^ r-i 7 ^ 
in cases of inflammation of the gall passages. ^ and 
has shown that sodium dehydrocholate is one h®® ^ 
twenty times less hemolytic for human blood cell® * 
dium taurocholate or sodium glycocholate but dilute 
solves pneumococci in the same time and in the 
concentration as the other bile salts. 

Sodium dehydrocholate, in concentrations ac 


1 :8oo to 1 :2oo, has no effect on the isolated frog H 
cording to Neubauer (1367). Two per cent solutio® j . jSoo 
dehydrocholate stops the heart in 10 minutes, whef®®® t after 
concentration of sodium desoxycholate stops the h®® ^y-five 
I minute. He concluded that desoxycholate is ^^^holate 
times more toxic to the heart than sodium dehy^V^ 
Weak concentrations of sodium dehydrochols*® ^ngsor 
per kilogram) increased the irritability of the vag®^ chlo 

junctions in dogs, cats, and rabbits under barbh®^ n 
ralose anesthesia, according to Ries and Still pstrictor 
same amounts decreased the sensitivity of the va.so®° 
endings or junctions. In the experiments with the 

significant changes were detected in the pulse 
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injection of bile salts (including sodium dehydrocholate), be- 
cause of the diminution or absence of vagus tone in anes- 
thetized animals. 

Sodium dehydrocholate* has less effect on the blood pres- 
sure than sodium glycocholate, as found by Regan and 
Horrall, who worked on barbitalized dogs. The fall in pres- 
sure following intravenous injections of sodium glycocholate 
is about twice as great and much more sudden than that 
following injections of sodium dehydrocholate. The limits of 
fail of blood pressure are from 4 to 80 mm. of mercury for 
sodium dehydrocholate and from 24 to 104 mm. for so^um 
glycocholate. 

Six patients showed no change in blood pressure; while la 
patients, who had some degree of hypertension, showed a 
decrease in blood pressure from 12 to 30 mm. of mercury, 
following the intravenous administration of sodium dehydro- 
cholate by Adlersberg and Taubenhaus. 

ACTION ON RESPIRATION 

There was no change in the average respiratory rate of 19 
dogs following injection of a gm. of sodium dehydrocholate. 
With similar amounts of sodium glycocholate there was an 
average decrease in respiratory rate of 18.70. Eight dogs 
showed a decrease, whereas 3 dogs showed no change. When 
rabbits were injected with lai^e doses of sodium dehydro- 
cholate, they became dyspndc; and necropsy showed bron- 
chopneumonic patches in the lung and pleural hemorrhage. 
The respiration rate in dogs and rabbits was not affected by 
the intravenous injection of small doses of sodium dehydro- 
cholate (Regan and Horrall). 

EPPECr ON THE OUTPUT OP BILE 

Dog bile was collected at 15-minute intervals by means of 
a cannula in the common duct vdth the cystic duct ligated. 
The dogs were under barbital anesthesia (R^an and Hor- 

* DehydrochoHc acid and its sodium salt, dechoHn sodium, were prepared and 
supplied by IWedel-De Haen. 
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rail). Control periods were run first for at least i hour. Two 
grams of sodium dehydrocholate were then injected intra- 
venously. The average increase in bile flow was ten times the 
basal for hours following the injection in 7 dogs. The bile 
began to flow faster within i minute after injection. The 
length of time required for the bile flow to return to normal 
was from a to 5 hours, the average being 3I hours. In 6 dogs 
the bile changed from a dark greenish-brown to a clear- 
amber color. In one the color changed to a clear red, resem- 
bling hemolyzed blood. Total solid determinations were run 
on these samples. There was a marked decrease in solids, be- 
coming more marked in later samples. Bile-pressure deter- 
minations were made on 7 dogs by connecting a cannula in 
the common duct with a bromoform manometer. The cystic 
duct was ligated. The bile was allowed to reach its maximum 
secretion pressure, and then 10 cc. of ao per cent sodium 
dehydrocholate was slowly injected intravenously at body 
temperature. The average normal bile pressure was found to 
be 341 mm. of water. As a result of the injections the average 
pressure rose to 385 mm. of water, or a 13 per cent increase 
(1548). 

Dehydrocholic acid, according to Neubauer, causes a two- 
fold to fivefold increase in bile secretion following intravenous 
injection in rabbits and in patients with biliary fistulas. 

The use of sodium dehydrocholate as a choleretic was in- 
vestigated by Wakefield, Powelson, and McVicar on ao pa- 
tients divided into three groups: one group in which external 
biliary drainage had been established by pladng in the com- 
mon bile duct a T-tube leading to the outside; a second group 
in which the gallbladder opened to the outside, the bile duct 
being completely occluded by pancreatic neoplasm; a third 
group where normal bile was obtained with duodenal bucket 
and tube. The experiments were usually begun a hours after 
the noon meal. The bile was allowed to flow for i hour as a 
control period, before the actual experiment began. Two 
grams of decholin, dissolved in 100 cc. of 10 per cent glucose. 
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were injected within a period of 5 minutes. There was an in- 
crease in bile flow within 15 minutes, and sometimes more 
quickly. The increase in flow usually ceased within an hour. 
At periods of majdmum activity the color of the bile was less 
intense than the normal. Bile salts, bilirubin, and cholesterol 
were decreased relatively and absolutely. There was an in- 
crease in bile flow in 18 of the ao cases. The drug was given 
to two subjects in whom the bile flow was not free: in both, 
the concentration of bilirubin rose rapidly; one had a stone in 
the common duct, and the injection was followed by pain in 
the region of the liver. 

The volume of bile secreted was more than doubled follow- 
ing the intravenous injection of sodium dehydrocholate into 
rabbits (Adlersberg and Neubauer [22]). Parallel with the 
rise of bile volume, the surface tension decreased; but later it 
increased. There was a relative and an absolute decrease in 
the bilirubin content of the bile after injection of dehydro- 
cholic acid. 

Sodium dehydrocholate is excreted by the liver up to 95 
per cent of the amount injected, according to the experi- 
mental work of Adler and Schmidt. 

ACTION ON THE LIVER 

Parenchymatous degeneration of liver cells and collections 
of round cells in the interlobular spaces were found at nec- 
ropsy of rabbits which had been given a lethal dose of sodium 
dehydrocholate by Gillert. There was also an increase in 
hemosiderin in the spleen. 

Small doses of sodium dehydrocholate given intravenously 
to rabbits were ineffective, but not harmW to liver cells; but 
doses of 0.25 gm. per kilogram of weight caused destruction 
of the hepatic cells, as found by Bratianu, Solomon, and 
Bratianu. The effect on the liver of the injection of bile salts 
in cats with total bile stasis was shown by Cantarow and 
Stewart. The plain stasis showed focal midzonal necrosis; the 
treated, “moth-eaten” areas of degeneration. In plain stasis 
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there was less widespread hepatic parenchymal damage, re- 
generation was less marked, proliferation of the small bile 
ducts greater, and there was a greater increase of connective 
tissue. 

ACTION ON THE KIDNEYS 

A rapid and decided decrease in the bilirubin content of the 
urine of patients following injection of 2 gm. of sodium dehy- 
drocholate intravenously was reported by Adlersberg and 
Neubauer (21). There was, however, a marked diuresis. Pas- 
sive congestion of the kidney, with fat in the tubules, follow- 
ing injection of lethal doses of sodium dehydrocholate into 
rabbits, has been observed by Gillert. There was, following 
intravenous or peroral application of sodium dehydrocholate, 
as a rule, a fall in the surface-tension curve of the urine in 
normal individuals — a decrease or fall wMch was not present 
in patients suffering from severe liver disease (Adlersberg 
[13]). The diuretic action of sodium dehydrocholate seems to 
have been frequently observed in experimental animals and 
in man following intravenous use. 

TOXIC EFFECTS ON ANIMALS 

In tests on 36 frogs with sodium dehydrocholate (0.2-5.0 
mM per kilogram) and 14 frogs with sodium choleate the 
former proved to be about one-fifth as toxic as the latter, 
according to Regan and Horrall. 

Large doses of sodium dehydrocholate were injected sub- 
cutaneously into guinea-pigs by Neubauer (1367): 4.4 gm. per 
kilogram of body weight caused death in 6 hours, whereas 
from 0.5 to 0.6 gm. per kilogram of cholic and desoxycholic 
add caused death in the same length of time. 

The lethal dose of bile salts for rabbits was determined by 
Gillert, who reported the dosage of sodium dehydrocholate to 
be between ten and eleven times greater than that of sodium 
glycocholate and sodium taurocholate. The symptoms of the 
lethal dose were diarrhea, disturbance of circulation and 
breathing, mydriasis, donic and tonic convulsions, increased 
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peristalsis and dyspnea, uterine contractions and abortion in 
pregnant animals, and stiffening immediately after death. 
The patholo^c findings in the liver were parenchymatous 
degeneration of liver cells, fatty degeneration of Kupfer 
cells, and collection of round cells in the interlobular spaces; 
in the spleen, an increase in hemosiderin; in the kidney, pas- 
sive congestion and fat deposits in tubules; in the heart, fine 
drops of fat deposit in muscle; in the lungs, bronchopneumon- 
ic patches and pleural hemorrhage; in the lymph nodes, 
swelling of lymph foUicles and swelling of nuclear centers in 
Peyer’s patches. There was hemorrhage in the peritoneum; 
hemorrhage in the capsule of thymus; hemorrhage erosions 
of stomach and gut; death was due to systolic or diastolic 
standstill. The microscopic sections showed that the bile 
salts were blood and other tissue poisons. Bile salts poisoned 
the central nervous system, as shown by dyspneic breathing 
and convulsions. 

A rabbit weighing 3,800 gm., given daily subcutaneous in- 
jections of 0.5 gm. of sodium dehydrocholate for 48 days by 
Gardner and Gainsborough, lost 800 gm. in weight during 
this time. The dose was increased to 0.8 gm., and the animal 
died on the twenty-ninth day of administration of the larger 
dosage, having lost an additional 300 gm. in weight. No 
definite cause for death was found at post-mortem examina- 
tion. Macroscopic examination of the tissues and organs re- 
vealed no changes. The urine was tested several times for 
albumin and hemoglobin, with negative results. 

Intravenous injection of a 20 per cent solution of sodium 
dehydrocholate into 7 dogs caused defecation, vomiting 
and hyperexcitability. Deaths were observed following doses 
ran^ng from 0.024 to 0.72 gm. per kilogram of body weight 
(Regan and Horrall). Similar reactions were produced by so- 
<fium glycocholate in much smaller doses. Hypodermic injec- 
tions of sodium dehydrocholate in concentrations up to 20 
per cent did not induce local necrosis, as did sodium glyco- 
cholate. One dog, wtighing 8.8 kg., was injected intravenous- 
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ly by Neubauer (1367), on succeeding days, with 0.6, 1.55, 
and 3.8 gm. of sodium dehydrocholate; also with a 6-32 per 
cent solution in quantities ran^ng from 0.0682 to 0,43 gm. 
per kilogram. There was no retardation of pulse and no hem- 
oglobinmia. Following injection of 0.51 gm. per kilogram 
intravenously a week later, the dog vomited and had diar- 
rhea. It recovered within a few hours. 

The respiratory quotient and basal metabolism of white 
rats was determined by Hokan following the intraperitoneal 
injection of sodium dehydrocholate. There was a 12 per cent 
increase over the normal on injection of doses which were 
equivalent to the human dosage of 0.006-0.012 gm., i hour 
before making the determination. Larger doses caused diar- 
rhea. 

Sodium dehydrocholate, 2 gm., was injected intravenously 
three times daily into patients by Neubauer. He noticed no 
harmful symptoms; there was no marked change in pulse, 
although there was often a slight decrease or a sHght increase. 
The patients complained of a bitter taste during the injection. 
No toxic effects were observed by Adlersberg (13) in patients 
following an injection of 2.5 gm. of sodium dehydrocholate 
intravenously or the oral administration of 4 gm. No appar- 
ent harmful effects followed similar administration even to 
patients with jaundice. 

Sodium dehydrocholate was used by Adlersberg and Neu- 
bauer in 30 cases of febrile conditions of the liver and bile 
system, the febrile condition being very pronounced in 7 
patients. Administration was usually intravenous, the dose 
being 2 gm. of a 20 per cent solution. A bitter taste was expe- 
rienced at once, and they felt as though something were going 
on in the liver. The fever was quickly reduced; pain was ma- 
terially diminished; and recovery was rapid and maintained. 
Administration in some cases was repeated for several days. 
If, on injection, some of the sodium dehydrocholate got into 
the tissues surrounding the vein, it produced no harmful 
effects. No toxic effects were observed by Wakefield, Powel- 
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son, and McVicar on administration of 2 gm. of sodium 
dehydrocholate intravenously to 20 patients. Sodium dehy- 
drocholate was used by Engler, in the treatment of 230 cases 
of bile-passage disease, without any harmful effects. In some 
cases, following the administration of sodium dehydrocholate 
for the first few times, there was increased pain in the gall- 
bladder region and bloody stools. These symptoms vanished 
in a few days, however, and did not return, although the in- 
jections of bile salts were repeated. Movements of the stom- 
ach were seen in patients by Unverricht and Freude, by 
means of Roentgen rays. Administration of sodium dehydro- 
cholate increased tonus and excited peristalsis. 

Arthritis frequently decreases with onset of jaundice; so 
bile salts have been given in a number of cases, with more or 
less favorable results. The relief from pain is very gradual; 
hence not spectacular. Intravenous sodium dehydrocholate 
acts more rajndly, especially when very large doses are ^ven 
(Horrall). The inactivating eflfect of jaundice in chronic in- 
fectious arthritis and fibrositis has not been explained by 
Hench. 

Arsphenamine poisoning is rapidly relieved by intravenous 
sodium dehydrocholate. The arsenic is excreted in the urine 
more rapidly, and the hepatitis recedes (Appel). - 

Migraine in 22 patients was treated with sodium glyco- 
cholate capsules, 2-20 gr. three times a day; 19 patients im- 
proved (Hunt). This work could not be confirmed by Hor- 
rall. The sudden disappearance of pain in this type of case 
makes the interpretation of the results hazardous. 

Sodium dehydrocholate is toxic only when used in exces- 
sive amounts intravenously or orally. The mar^ between 
the therapeutic and toxic action is so great that a wide safety 
zone furnishes a much-needed factor in treatment. 

Sodium dehydrocholate is an active choleretic and chola- 
gogue. 



CHAPTER XXVII 

GENERAL CONCLUSIONS 

I N OUR present state of knowledge concerning the pres- 
ence of bile in the blood stream and tissues we are hardly 
justified in assuming that the cause of the symptoms of 
jaun^ce are due to bile per se. It has long been assumed that, 
because the patient is jaundiced (yellow), the symptoms are 
directly due to the bile. Thus, to the pigment itself has been 
ascribed the tosdcity. No parallel studies have been made to 
show the relationship of the quantity of bile pigment to the 
quantity of the bile salts in the tissues other than in the blood 
serum. Up to the present time there has been no method of 
determining bile salts accurately in such small quantities as 
they may occur in the normal blood stream. Recently, a 
mocUfied method of the Pettenkofer reaction has been de- 
veloped, but there is also a reaction with ions other than 
those of the toxic cholate portion of bile salts. There are 
many forms in which bile salts may appear in the human bile. 

The van den Bergh reaction tells only how much bilirubin 
is present. But since the recent experimental work has 
proved that bilirubin is nontoxic, it is evident that the van 
den Bei^h reaction does not test for the substance which 
causes the symptoms. Since there is a known failure of rela^ 
tionship of the quantities of bilirubin to bile salts, such a test 
cannot be of much use. As an indicator of the degree of jaun- 
dice pigmentation, it is satisfactory. But it does not tell 
whether there is an overproduction of jngment or a faulty 
elimination; nor does it determine the location of the lesion: 
whether it is in the larger bile ducts, in the liver, or else- 
where. Bilirubin is produced in tissues other than the liver; 
and rince it appears so abundantly in the bile, probably be- 
cause the bile is alkaline and keeps it in solution, as bilirubin 
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is most soluble in alkaline solutions, or the portal of exit is 
extremely low in the liver, conclusions cannot be drawn that 
bile salts are likewise retained. 

There is no satisfactory evidence as to where all the bile 
salts are formed. It may be that, when a quantitative meth- 
od has been developed for bile salts to such a degree of ac- 
curacy as that for bile pigment by Sheard, it will be possible 
to locate the site of their formation. 

In obstructive jaundice there is a large variety of possi- 
bilities, namely, actual injury by the bile salts to the various 
tissues of the body, such as has been repeatedly demonstrated 
by the injection of bile salts by various means in experimen- 
tal work; impairment of intestinal digestion by the absence 
of the bile from the intestinal tract; and the absence of its 
inhibiting action on the intestinal flora, thereby permitting 
bacteria to manufacture toxic substances which may be ab- 
sorbed from the intestine. 

Progress in the investigation of jaundice has been seriously 
impaired, if not stopped, by the failure to discover an ac- 
curate specific quantitative test for bile salts. A test for very 
minute quantities is essential. The complexity of the bile 
salts, the various combinations of cholate, with other sub- 
stances, and the probable numerous physical or loose com- 
binations will impede progress. 

Substances, other than bile salts, which have been toxic 
are found in the bile; but many of these either have been 
detoxified by the liver or occur in infinitesimally small 
amounts and are thus relatively nontoxic. Other substances 
are actually rendered nonpoisonous by the bile itself. 

The very fact that experimental research on bile is in 
progress in almost every civilized country in the world is 
evidence of the widespread interest in this question. The oc- 
currence of jaundice in its multifarious forms throughout the 
ages, and its world-wide presence in various degrees, as found 
by close observers, makes its investigation exceedingly im- 
portant. 
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The relation of the liver to the output of bile involves an 
extremely complicated process. No attempt has been made 
in this monograph to elucidate the other nvunerous activities 
of the liver or to incorporate here, in a statement, the other 
relations of the liver to disease. 

It has been the aim of the writer to point out the toxic 
action of bile, and more particularly to show that it is the 
bile salts that are responsible for this toxic action; that bile 
pigment is not toxic and that the discoloration caused by the 
pigment, namely, jaundice, is a symptom and not a disease; 
and that a great number of symptoms that have been at- 
tributed to bile are a part of a syndrome and not directly 
attributable to the action of bile itself. No attempt has been 
made to discuss all the diseases in which jaundice occurs as a 
symptom, but only those in which the toxic action of bile 
may have an influence. 

The primary purpose of this book has been to state and 
correlate experimental work that has been done, and to point 
out the great need for further experimental investigation and 
clinical observation. 
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Abdominal muscles in bile peritonitis, 
216-17, 218 

Abdominal operations and bile output, 

23 

Abilirubinemia, 75 
Abortion, 178, 179 
Abscess 
aseptic, 224 
atheromatous, 96, 100 
due to subcutaneous injection of bile, 
13, 1^3 

local, in jaundice, 237 
metastatic, 220 
AcetylchoHne, 44 

Acholia, 12, 42, 60, 237, 242, 245, 246 
Acidity 
of bile, 25 
gastric 

and jaundice, 183 
and ulcers, 19X, 192 
Addoris and external biliary fistula, 16, 
265-66 

Acute pancreatitis, 204-7 
Acute yellow atrophy, 246 
Adhesions, 222 
Adrenalin 
and bile, 43 
and pH of bile, 25 
and sugar in bile, 30 
Aerobes, 221 

Air, introducrion of, into vein, 8 
Albumin 

in gallbladder, 58 

in urine, 113, 165, 168, 172, 176, 216, 
217, 218 

Albuminocholia, 27 

Albuminuria, 15, 115, 171, 177, 233, 247 
Alcohol, 43 

Alcoholism, chronic, 104 
Alkali reserve and biliary fistula, 262, 
265*66 
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Alkalinity of bile; see pH of bile 
Amino adds, 29, 248, 257, 268 
Amylase, 28 
Anaerobes, 198, 221 
Analine, 33 
Anemia, 115 

and bile in the blood, 114, 116 
and bile-pigment output, 50 
and biliary fistula, 115, 262, 263, 264 
of brain, 10 

in jaundice, 10, 112, 115 
and ledthin output, 52 
and ligature of common bile duct, 115 
pernidous, bilirubin in, 76 

Animal charcoal; see Charcoal 
Animals 

action of bile adds on, 70, 71 
experiments on, history of, 7-17 
pigments in, 75 

relative toxidty of bile from different, 

15,19 

Anterior pituitary, 43 
Anthrodesoxycholic add, 67 
Anricholagogues, 23, 44 
Antiseptic properties of bile, 196, 198, 
201, 202 

Anuria, 217, 218, 236 
Apocholdc add, 66-67 
Apocholic add, 269 
Apoplexy, 3 
Appetite, loss of 
and fecefing of bile, 182 
in obstructive jaundice^ 255 
Arcus senilis, 96 
Arsenic, 21, 26 
Arsphenamine poisoning, 278 
ArAritic pain, 144, 278 
Asdtes, 174, 256 
Aseptic abscess, 224 
Aseptic bile, 245 
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Ataxia, 233 

Atheromatous abscesses, 96, 100 
Atophan and pH of bile, 25 
Atropine, 23, 43, 44, 98 
and heart, 150, 151, 152, 153, 154, 158 
Autointoxication, 161 
Autolytic protan metabolism, bile salts 
and, 68 

Bacteria 

and bile, 39, 46, 59s 102, 195, 196-203, 
220, 221 

and bile acids, 210 
and bile salts, 197, 199, 200, 221 
in biliary peritonitis, 210, 214, 215, 
aiy, 21 8, 220-21, 224 
and dehydrocholic acid, 271 
and formation of bilirubin, 49 
in gallbladder, 197-98, 200, 201, 202 
with gallstones, 197 
and icterus, 243-44, 245 
and pH of bile, 25 

and sodium dehydrocholate, 199, 271 
toxidty of, 221 

Balloon method for testing intestinal 
activity, 181, 184, 185, 186, 190 

Beneiidal action of bile, 192, 194, 195; 
see also Detoxifying agent, bile as 

Bicarbonate in gallbladder, 58 

Bile (see also Whole bile) 
characteristics of, 22-26 
complexity of, 6, 20-22 
compoation of, 26-32 
early terminology, 1-2 
peritoneal fluid c^ed “bile,” 219 
present definition of term, 6 
toxidty of, 1-8, 10-19, 4Qj 79j 81, 
I39 s I73> 208-9, 210, 220, 
223, 233, 236, 246, 255, 260-61, 
269, 279-81 

Bile absence and toxidty, 262, 268 

Bile adds, 5, 20 f., 60 n.; see also Bile 
salts 

and amino adds, 268 

and animals, 70, 71 

and bacteria, 196, 197, ig8, 210 

and bile output, 174, 269, 270, 272-74 

and bile peritonitis, 224 

and bile pigment, 8, 9, 168 


and blood, 60, 106, 112, 113, 224, 234, 
269 

and bile pigments, change to, 9 
in biliary obstruction, 231 
and bleeding, 124, 127-28, 129, 134 
in common-duct obstruction, 109-10 
concentration of bile add, 108-10 
in jaundice, 109, 173, 233, 235 
in obstructive jaundice, 109, 110 
and blood capillaries, 224 
and blood pressure, 1 57, 272 
and bone metabolism, 268 
and caldum metabolism, 267 
and carotin, 267 
and cholemia, 150 
and cholesterol, 97 
colorless, 9 
concentration of, 210 
daily output of, 44 
death due to, ii, 253 
decomposition of, by blood, 8 
dehydro-forms of, 66 
diuretic action of, 176 
early work on, 5 f. 
fate of, 52-55 
in feces, 8, 167 
feeding of, 46 
in gallbladder bile, 57, 58 
and gastric ulcer, 68 
and heart, 10, 148, 150, 155, 156, 224, 
269 

in intestinal tract, 8, 188-89 
intracardiac injection of, 10 
intravenous injection of, 9, 10, 189, 
269 

and jaundice, 109, 173, 231, 233, 235 
and kidneys, 8, 224 
and ligation of arteries, 1 1 
and liver, 8, 16, 168, 233 
and nervous system, 138, 141 
in obstructive jaundice, 55, 109-10, 
112,231 

optical properties of, 25 
origin of, 44-48 

output of; see Bile acids, daily output 
of 

and pancreatic jmce, 67 
and peptic ulcers, 192 
and phosphatase, 268 
pK of, 26 
and placenta, 179 
and plants, 70, 71 
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and production of lecithin, 52 
purity of, 61 

and putrefaction, 196, 197 
rotary dispersion of, 25 
and secondary surgical shock, 224 
and secretions, salivary and nasal, 1 89 
and skeletal muscle, 161 
surface tensions of, and toxicity, 16 
taurin, 69-71 ; see also Taurin 
tests for, 108, 109, III, 167, 169 
and thdir salts, ^69; see also Bile 
salts 

therapeutic effects of, 269-78 
and tissues, 224, 269 
toxicity of, 10, 16, 60-72, 89, 97, 114, 
224, 269, 270 

and urine, 8, 113, 167, i68, 170, 174, 
189, 234 
and uterus, 178 
and vitamins, 267 

Bile-calcium relativity constant, 42 
Bile constituents, 20-40 
action of, on heart, 146-49, x 50 
black bile, 105; sec also Black bile 
cerebrin, iox-2 

cholesterol, 94-1 oi\see also Cholesterol 
early work on, 5 f. 
green bile, 105 
intravenous injections of, xi 
lecithin, lox ; see also Lecithin 
mucin, X02; see also Mucin 
origin of, 42, 166 
pleiochromic bile, 105 
pseudo-mucin, 102; see also Pseudo- 
mucin 

removal of, by liver, x8, 42 
rust bile, X05 
tosdeity of, 94-105 
variations in, 102-3 
white bile, 103-4; see also White bile 
Bile ducts {see also Common bile duct) 
and concentration of bile, 57 
congenital atresia of, 252-54 
dilatation of, 257 
ligation of, 9, 254 
obstruction of, 9, 231 
and jaundice, 255; see also Obstruc- 
tive jaundice 

Bile flow and ligatures, 9 


411 

Bile loss (external biKary fistula) and 
length of life, 262-68; see 'also Life, 
length of 

Bile mucus, 5, 192 

Bile peritonitis, 210-24; see also Perito- 
nitis, local 

with perforation, 211-23 
clinical, 2H-X2 
discussion on, 219-23 
experimental, 2x2-18 
treatment, 223 
without perforation, 210-1 1 
death due to, 2H ff., 216 ff., 221, 
223 f. 

Bile pigments, 28, 32-33, 240, 241 
and bile acids, 8, 9, 168 
in biliary fistula, 264 
bilifuscin, ^i\see also Bilifuscin 
bilihumin, 91 ; see also Bilihumin 
biliprasin, see also Biliprasin 
bilirubin, 73-90; see also Bilirubin 
biliverdin, see also Biliverdin 
in blood, 170, 17X, 225-26 
and blood pigment, 9 
and chloroform, 247 
and coloring; see Color; Coloring 
matter of bile 

in common-duct obstrucrion, 256 
in congenital atresia of bile ducts, 252 
and contusion, 73; see also Contusions 
crystals of, 9, 91 

in dissociated biliary retention, 228 
in extravasated blood, 73, 76, 226 
fate of, 55-57 
and heart, 148, 153 
from hemadn, 8 
and hemoglobin, 55, 73 
in icterus neonatorum, 250, 251 
in intestinal tract, 55, 188 
and jaumfice, 176, 225, 226, 227, 234, 
235-36 

and Iddneys, 173 

and ligation of arteries, 11 

and ligation of common duct, 165, 167 

in liver, i6 

in mucous membrane in jaundice, 236 
and nervous system, 138 
nontoxidty of, 73-^3 
origin of,, 8, 9, 48-51, 168 
in plasma in jaundice, 235-36 
in saliva, 55 
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Bile Pigments — continued ^ 
in sclerotic membrane in jaundice, 236 
in sweat, 55; see also Perspiration 
in tears, 55 
tests for, 108 
in tissues, 56 

toxicity of, 10, la, 73-93, 246, 279, 281 
in urine, 8, 9, 54, 55, 112-13, 165, 166- 
67, 168, 169, 170, 171, 218, 235- 

36 

urobilin, 91-93; see also Urobilin 
various forms of, 91 

Bile retention (icterus), 225-48; see also 
Jaundice; Icterus 

Bile salts, 28, 60-69; see also Bile acids 
absorption of, from intestine, no 
and acholia, 12 

action of animal charcoal on, 12 
and albuminuria, 15, 115 
and autolytic protrin metabolism, 68 
and bacteria, 197, 199, 200, 221 
and bleeding, 15, 115, 125 
in blood, 15, lo^ 108, 109, no, in, 
113, 114, 115, 116-18, 121, 122, 
125 E, 170, 171, 176, 231, 233 
and blood clots, n 
and blood coagulation, 63, 68, 80 
and blood pressure, 157 
and blood serum, 118 
and blood sugar, no 
and calcium-phosphorus balance, 268 
and central nervous system, 19 
and cholemia, 12 
as choleredc, 269 
and cholesterol, 51, 209 
and collodion ultrafilters, 68 
in common-duct obstruction, 256-57 
concentration of, 60, 208, 210 
and congenital atresia of bile ducts, 
.252,253 
conjugated, 60, 72 
cytotoxic ^ect of, 15 
d«ly output of, 27, 60 
death due to, 12, 62, 63, 65, 68, 189, 

213, 214 

and disruption of spermatozoa, 15, 
115 

and e^ albumin, 68 
enterohepatic circulation of, 57 
excretion of, variability of, 21-22 
feeding of, 25, 85 


and output of, 46-4? 
and output of cholesterol, 51 
filtered, specific gravity and toxicity 
of, 79 

and fluid secretion, 219 

and gallbladder, 66 

in gallbladder bile, 60 

and heart, 19, i47--49> I53, I54, 

158-59 

in hepatic insufficiency, 247 
and human serum, 68 
and intestinal tract, 23, no, 185, i86, 
187, 188, 189, 190 
intracarotid injection of, 157 
intrajugular injection of, 157 
intraperitoneal injection of, 157 
intravenous injection of, 9, ii, 157, 
167, 176, 223, 245 
in jaundice, 231, 233 
and kidneys, 12, 173 
and lecithin, 209 
and liver, 42, 47, 48, 53, 60, 245 
and lyris of protozoa, 15, 115 
by mouth, and pH of bile, 25 
and nervous system, 137 ff. 
and nucldn-spHtting, 68 
and obstructive jauncfice, 47, 52 
ori^n of, 44-45, 47, 48 
output of, 46-47; see also Bile salts, 
daily output of 

and oxygen consumption of tissues, 
68—69 

and peptic ulcers, 192, 193 
and placenta, 179 
and pneumonia, 199 
and pregnancy, 59, 251 
and protective substances in blood, 
116-18 

and proteins, 15, 117, 1 18, 209 
rectm injection of, 189 
and red blood cells, 11, 15, 62, 64, 65- 
67 

and respiration, 19 
and skdetal muscle, 160, 162, 163 
subdural injection of, 139 
tests for, 108, 109, III, 140, 169, 279, 
280 

and thrombosis, 11, 128 
and tissues, 68-^9, 80 
toadty of, 8, 10, ii, 12, 60-69, 89, 
115, n6-i8, 121, 122, 138, 144, 
^33* ^46, 279, 280, 281 
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and tracheal mucosa, 19 
and uremia, 12 

in urine, 167, 169-70, 171, 176, 177, 
251 

and uterus, 178, 179 
and white blood ceils, 15 
Bile thrombi; see Thrombosis 
Biliary diabetes, 76; see also Diabetes 
Biliary fistula; see External bifiary 
fistula 

Biliary fistula bile {see also Fistula bile) 
color of, 22 
daily output of, 23 
Biliary humors, 4 

Biliary peritomtis, 210; see also Bile 
peritonitis 

Biliary tract, anomaly of, 254 
Bilicyanin, 32 
Bilifuscin, 32, 91 

Bilihumin, 32, 91 
in urine, 166 

BiKprasin, 32, 91 
Bilipurpurin, 32 

Bilirubin, 6, 32, 55, 73-90, 121, 241 
absorption of 
from intestine, 50, 85 
by lymphatics, 85 
by portal vdn, 85 
in bile, 56, 74, 77, 

in blood, 56, 74, 83, 120, 121, 226, 234, 
270 

concentration of, 83, 107--8, 227-28 
during pregnancy, 251 
and blood pressure, 86, 87 
in blood serum, 73-74, 75 , 7 ^ 
in cachexia, 76 
in cirrhosis of the liver, 76 
color of, 22 

in common-duct obstruction, 256, 257 

concentration of, 208 

and congemtal atresia of bile ducts, 

253 

and conjunctiva-coloring, 78 
and constipation, 78 
and convulsions, 86 
crystals of, 73, 7^ ^ 39 » 
d^y output of, 32, 74, 92 
death due to, 13, 79, 80 


detoxification of, 89-90 
and dyspneic breathing, 86 
in egg tract of birds, 74 
and erythrocytes, 56, 73, 121 
fate of, 56 ^ 

feeding of, 84-85 
in gallbladder, 58 
in gallbladder bile, 57, 58 
and heart, 86-87, 146-47 
and hemoglobin, 73 
in hemolytic icterus, 76 
in icterus neonatorum, 249, 250, 251 
and intestine, 50, 56-57, 85 
itttralymphatic injection of, 85-86 
intravenous injection of, 77, 81-82, 
83, 86-87, 167 
and isolated heart, 86-87 
and itching, 238, 239 
in jaundice, 56, 76, 90, 107, 227, 229, 

233* 235 

in Iddney, 76 

in kidney (fisease, 76, 171, 227 

and liver, 42, 48, 76 

and nervous system, 86, 139 

in obstetrical trauma, 76, 251 

and obstipation, 86 

in obstructive jaundice, 56, 107, 229 

origin of, 9, 48-51 

output of; see BiHrubin, daily output 
of 

in pathological conditions, 55, 76 
in pernicious anemia, 76 
in perspiration, 74 
in pneumonia, 76 
in pr^nancy, 76, 178, 251 
and pulse rate, 86, 87 
purity of, 78 
and salivation, 86 
and skin-coloring, 76 
solubility of, 79 
in spinal fluid, 56 
subcutaneous injection of, 83-84 
as test of fiver function, 82-83, 90 
tests for, 88-89, 107, 108, 229, 279 
and thromboris, 13 
and tissues, 76, 79-80, 83 
toXdty of, 13, 14, 61, 62, 64, 71, 78, 
79, 81-8^ 86, 89, 90, 279 
in tuberculosis, 76 

in urine, 56, 74, 77 , 78, 9^, 166, 

167, 170, 174, 227-28, 234 



414 


INDEX 


BiHrubinemia, 75 » 2,a8 
and contusions, 76, 251 
in extrautcrine pregnancies, 76, 251 
and extravasat^ blood, 151 
and fracture, 76, 251 
in new-born infants, 76, 250, 251 
and obstetric trauma, 251 
in obstructive jaundice, 76 
and operations, 251 
pathological, 75-77 
Bilirubinuria, 77, 228 

Biliverdin, 32, 55 , 75 , 9 i, 229 
color of, 22 

hematopoietic activity of, 121 
in urine, 166 

Birds (see also Eggs) 
bilirubin in egg tract of, 74 
coloring of droppings and egg shells 
of, and bile pigments, 91 

Black bile, 3, 4, 22, 105, 137 
Black jaundice, 80, 246 
Bleeding 

in acute pancreatitis, 204, 207 
and bile in blood, 124 E, 134 
and bile acids, 124, 127-28, 129, 134 
in bile peritonitis, 213, 216, 217, 218, 
223 

and bile salts, 15, 115, 125 ff. 
and biliary fistula, 262, 264 
and calcium, 131, 135, 136 
and cholesterol, 135 
and common-duct obstruction, 124 E, 
136 

in congenital atresia of bile ducts, 253, 
254 

extravasations in tissues, 73, 76, 226, 
251 

and galactose, 135 
and glucose, 131, 135, 136 
and glycerol, 135 

in jaundice, 124-36, 233, 235, 236, 
238, 254 

and calcium, 130-31, 135, 136 
and coagulation, 124, 125, 126 E, 
134-36 

death due to, 124-25, 127, 128, 248 
and disturbed liver function, 132- 
34 , 136 

and fibrinogen, 129-30, 133-34, 136 
occurrence 124-26 


and peptic ulcers, 191, 193 
and platelets, 131-32 
and prothrombin, 132, 135, 136 
treatment of, 134-36 
in obstructive jaundice, 124E, 136 
and peptic ulcers, 191, 192, 193, 194 
and phosphorus, 136 
and sodium glycocholate, 127 
and sodium taurocholate, 127, 135 
spontaneous, and biliary fistula, 262 
and surgical risk in jaundice, 259, 260, 
261 

and whole-blood transfusion, 135 
Blood (see also Blood cells; Blood serum; 
Erythrocytes; Leukocytes; Red 
blood cells; White blood cells) 
bile in, 80 

and bleeding, 124 E, 134 
concentration of, lo^n 
and death, 113 
and fistula output of bile, 11 
and hemoglobin, 114, 115, 1 16, 117 
bile acids in; see Bile acids, and blood 
bile pigment in, 170, 171, 225-26 
bile salts in, 15, 106, 108 E, 113 E, 
I2if,, 125 E, 170 f., 176, 231, 
a33 

and bleeding, 15, 115, 125 E. 
in j aundice, 231, 233 
in biliary fistula, 262, 264 
bilirubin in, 56, 74, 83, 120, 121, 234, 
270 

concentration of, 83, 107-8, 227-28 
formation of, 48 
during pregnancy, 251 
cholesterol in, 51, 95, 96, 97, 99, 114, 
121, 270-71 

coagulation of; see Coagulation of 
blood 

in congenital atresia of bile ducts, 252 
decomposition of bile acids by, 8 
and dehydrocholic acid, 270-71 
detoxification of, 177 
in dissociated jaundice, xio-n 
extravasated; see Extravasations of 
blood 

fibrinogen in; see Fibrinogen 
in icterus neonatorum, 251 
ion concentration of, and bile, X43 
lerithittin, 116-17, xai 
and Uver destruction, 8, 172 
nonprotdm nitrogen in^ 260 
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osmotic pressure of, 41 
protective substances in, preventing 
hemolysis by bile salts, Ii6~i8 
removal of bile constituents from, 18, 
42 ^ 

and sodium dehydrocholate, 270-71 
and sodium desoxycholate, 270 
and sodium glycocholate, 113, 114, 
115, 117, 127, 270 

and sodium taurocholate, 15, 114, 115, 
117, 121, 127 
taurin in, 69, 113 
in urine, 171, 172, 216, 223 
urobilin in, 50, 92, 93 

Blood capillaries; see Capillaries 

Blood cells, effect of bile on, 112-23; 
also Erythrocytes; Leukocytes; Red 
blood cells; VVhite blood cells 

Blood clots due to bile salts, ii\ 5 ee also 
Embolism; Thromboris 

Blood fats, 114; see also Fats 
Blood flow and ligatures, 9 
Blood pigment, 9, 240 
Blood plasma in jaundice, 235-36 

Blood pressure 
and bile, 151, 156-58 
and bile adds, 157, 272 
in bile peritonitis, 218, 222, 223 
and bile salts, 157 
and bilirubin, 86, 87 
in hepatic insuffldency, 247 
and jaundice, 158, 232, 236 
and sodium cholate, 87, 157 
and sodium dehydrocholate, 158 
and sodium glycocholate, 87, 157 
and so^um taurocholate, 157 
and variation in bile, 41 

Blood salts, no. Ill 

Blood serum {^see also Blood) 
and bile salts, 68, 118 
bilirubin in, 73^4* 75 j 7 ^ 
cholesterol in, 95, 96 
coloring of, 74, 75 
in jaundice, 236 
and desoxycholate, 155 
Blood sugar, no, 245, 257 
Blood transfusion, 260 
Blood urea, 172-73, 235 
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Blood vessels and intravenous injections 
of bile and bile salts, 126 
Boiling of bile, and toxicity, 14, 79 
Bone metabohsm, 262, 265-68 
Bowel movements, 78, 191 
Bradycardia, 139, 145, 148 ff., 156, 
i58f.,ai5,4i7f.,233fiF. 

Brun {see also Central nervous system; 
Nerves; Nervous system) 
anemia of, in jaun(hce, 10 
and bile, 139-41 
cholesterol in, 94, 96 

Cachexia 

in common>duct obstruction, 256 
due to cardnoma, 76 
of inanition, 76 
and p^tic ulcers, 193, 194 

Caesarean section, 59 
Caldum 

and bile, 89-90, 223, 260-61, 262 
and coagulation of blood, 130-31, 135, 
136, 260 

in gallbladder, 58, 59 
and heart, 149, 159 
Caldum bilirubinate, 89, 147 
Calcium metabolism, 16, 253 
and biliary fistula, 262, 265-66, 267- 
68 

Calculi, 254 

Canalization, spontaneous, 255, 258 
Cancer, 143, 159, 259 
Capillaries (blood) 
and bile adds, 224 
bleeding from, 125 
mechanical blodting of, 8 
thrombi in; see Thromboas 
Cardnoma, 76, 259; see also Cancer 
Carotid artery, injection into; see Intra- 
carotid injection 
Carotin, 33, 74, 75* ^40. a^7 
Carotinoids, 74, 240 
Caseous tuberculous leaons, 96 
Casts in urine, 171, 172, 177 
Catalepsy, 137 
Catarrhal jauncfice, 234, 238 
Cecostomy, 185 
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Central nervous system (see also Brain; 
Nerves; Nervous system) 
and bile, 143, 15a 
and bile salts, 19 
and bilirubin, 86 
Cerebral edema, 246 
Cerebral emboli, 138 
Cerebrin, 101-2 

Charcoal, animal, la, 79, 81, 88, 175 
Chemistry 
of bile, 5 f., 7, 25-32 
of bile constituents, 20, 21 
Chenocholate, 162 
Chenodesoxycholic acid, 67 
Chloride in gallbladder, 57, 58, 59 
Chloroform and bile, 26, 43, 247 
and bile pigment, 247 
and bile salts, 47 
and cholesterol output, 51, 247 
Chloroform anesthesia, bile in, 21, 247 
Chloroform poisoning, 42, 104, 230, 232, 

244 

Chlorophyll, 75 

Cholagogues, 23, 44, 45, 269, 278 
Cholangitis, 104, 230 
Cholecystenterostomy, 254, 258 
Cholecystitis, 58, 197, 205 
Cholecystogastrostomy, 191 
Cholecystotomy, 263 
Choledochogastrostomy, 182 
Cholic add 
fate of, 54-55 
toaddty of, 64, 67 
Choldc add enteroliths, 67 
Cholelithiads and biliary fistula, 262 
Cholemia, 12, 150, 174, 211, 213, 233, 
a 35 > 245 

Cholemic hepatitis, 247 
Cholemic nephritis, 173; see also Nephri- 
tis 

Cholepradn, 32 
Cholera, 22 

Choleredcs, 44, 269 E, 278 
Cholerrha^a, 247 
Cholesteatomata, 96 


Cholesterin, 58, 99 

Cholesterol, 6, 20, 28, 57, 94-ioi> 220, 
223 

abnormal locations of, 96-97 
absorption of, by intestine, 51 
action of, 97 

activated, and osteoporosis, 265 
and bile, 95, 96, 97, 114 
and bile acids, 97 

in blood, 51, 95, 96, 97, 99, ”4, 121, 
270-71 

in blood serum, 95, 96 
in brain, 94, 96 
and chloroform, 51, 247 
and coagulation of blood, 135 
in common-duct obstruction, 256-57 
and cytolytic activity of bile salts, 
209 

ddly output of, 51, 94 
death due to, 99, 100 
in eggs, 94 

and emboli, 11, 99, loo, 149 

in gallbladder, 57, 58, 59 

and gallstones, 96, 100 

in glands, 94 

and heart, 148, 149 

and infections, 96 

in intestinal tract, 51, 188 

intravenous action of, 11, 98-100 

and jaundice, 96, 235, 240 

in Iridney, 94 

and ligation of common duct, 97 
and liver, 42, 94, 97, loi 
in nerves, 94, 96 
normal location of, 94-96 
in obstructive jaunthce, 97, 256 
origin of, 51-52 
output of, and bile salts, 51 
and peptic ulcers, 193 
protective role of, 97-98 
and red blood cells, 96, 97 
solubiHty of, 94 
subcutaneous injection of, 100 
test for, 95 
in tissues, 94, 96 

toadty of, lo, 11, 96, 98, 99, 100, loi 
and toMcity of bile adds, 97 
in urine, 95, 97 
in white blood cells, 95 
and xanthoma, 240 
Cholesterolemia, 97, 100 
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Cholesteryl oleate, 19a, 193 
Cholic acid, 25, 33, 36, 106 
and assimilation of sugar, 46 
and bone metaboHsm, 268 
fate of, 52, 54 
and heart, 147, 154-55 
origin of, 17, 44 
and putrefaction, 197 
and rickets, 29, 267 
and skeletal muscle, 163 
test for, 21, 106 

tojddtf of, 54, 64, 6j, 67, 69, 70, 71, 

a7s 

Cholehematin, 32, 50 
Choline and heart, 153, 159 
Choloidinic acid, 64, 70, 162 
Choluria, 233 
Chromolipoid, 74, 75 
Chronic acholuric jaundice, 120 
Chronic suffering and bile, 3 
Chyle, 255 
Chyme, 255 
Cinchophen, 144 
Cirrhosis of the liver 
bile in, 21 

and bile acids in urine, 168 
bilirubin in, 76 

in common-duct obstruction, 256 
and green bile, 105 
Cisternal injection of bile, 140 
Climate and variation in bile, 21 
Coagulation of blood 
and bile salts, 63, 68, 80 
and caldum, i30-'3i, 135, 136, 260 
and cholesterol, 135 
in congenital atresia of bile ducts, 253 
and phosphorus, 136 
and prothrombin, 132, 135, 136 
and sodium glycocholate, 127 
and sodium taurocholate, 127, 135 
and surgical risk in jaundice, 259-60, 
261 

and transfurion, 260 
Collodion ultrafilters and bile salts, 68 
Colloidal osmotic pressure of bile, 25-26 
Colon, 188-91; see also Intestine 
Coloring matter of bile, 2-3, 12, 22 


Colorless biliary acids, 9 

Coma, 15, 138, 140, 213, 216, 218, 233, 

236, 237 

Common bile duct {see also Bile ducts) 
ligation of, 18, 193, 231, 243, 255-56 
and recanalization, 258 
obstruction of, 42, 228, 237; see also 
Jaundice, obstructive 
and bile adds in blood, 109-10 
and bile pigment, 256 
and bile salts, 256-57 
bilirubin in, 256, 257 
and cholesterol, 256-57 
complete, 258-59 
and heart, 256 
and hemorrhage, 124 ff., 136 
and itching, 238 

and jaundice; see Jaundice, obstruc- 
tive 

and length of life, 258-59 
and liver, 242-43, 256, 257, 258 
and mudn in bile, 27 
and peptic ulcers, 191, 192, 194 
and phosphatase, 268 
occlusion of, 257, 259 
Complexity of bile, 6, 20-22 
Composition of bile^ 26-32 
Concentration of bile, 22-23, 57, 208, 
210 

in blood, 106-11 
Conception, jaundice and, 179 
Congenital atresia of bile duct&, 252-54 
Congenital hemolytic icterus, 232 
Congenital obstructive jaundice, 249 
Conjugated bile salts, 60, 72 
Conjugated cholates, 111 
Conjugated glycuromc adds, 28 

Conjugation and toxidty of bile acids, 
72 

Conjunctivae, 78, 225, 236, 249, 252, 255 
Constipation, 78, 191 
Constituents of bile; see Bile con- 
stituents 

Contudons, 73, 76, 251 
Convulsions, 3, 11, 15, 16, 86, 137, 138- 
39, 140, 237 
Copraporphyrin, 33 
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Creatinine, 29, 142 
Crystallized bile, death due to, ii 
Curare, 98 

Cytolytic activity of bile salts, 209 
Cytotoxic effect of bile salts, 15 

Death {see also Life, length of) 
from acute pancreatitis, 204, 205 
and changes in bile, 29 
due to 

air being introduced into vein, 8 
bile in blood, 113 
bile acids, 11, 253 
bile peritonitis, 21 1 ff., 216 ff., 221, 
223 f. 

bile salts, 12, 62, 63, 65, 68, 189, 
213, 214 

bilirubin, 13, 79, 80 
bleeding in jaundice, 124-25, 127, 
128, 248 

cholesterol, 99, 100 
common-duct occlusion, 257 
congenital atresia of bile ducts, 
^iS3-54 

crystallized bile, 11 
decolorized bile, 8i 
feechng of bile, 182, 183 
glycocholic acid, 214 
hepatic insufficiency, 248 
injection of bile, 137, 140 
injection of filtered ox bile, 10 
injection of fistula bile, 81 
intravenous injection of bile, 7 
mechanical blocking of capillaries, 8 
peptic ulcers, 193 
Platner’s crystallized bile, ii 
sodium taurocholate, 1 1 
subcutaneous injection of bile, 12 f. 
taurin, 69 

taurocholic acid, 214 
uremia in jaundice, 248 
following cerebral emboli, 138 
and white bile, 103, 104 

Debility in jaun(hce, 236 

Decholin, 51; see also DehydrochoHc 
add 

Decolorization of bile, 88 

Decolorized bile, 8, 12, 13, 79, 81 ; see 
also Filtered bile 

Decolorized fistula bile, 13 f., 81 


Decomposition of bile, 39; see also Stag- 
nant bile; Standing, changes in 
bile on 

Dehydration, 222-23 
Dehydroapocholeic acid, 66-67 
Dehydroapocholic add, 67 
Dehydrobilirubin, 49 
DehydrochoHc acid, 67, 148, 186, 269-78 
and bacteria, 271 
and blood, 270-71 
and heart, 271-72 
and kidneys, 275 
and Hver, 274-75 
and output of bile, 272-74 
and respiration, 272 
toxidty of, 270 ff. 
DehydrodesoxychoHc acid, 269 
DeHrium, 137, 235, 236 
Density of bile, 14 
Depressing substance in bile, 14 f. 
Depression in jaundice, 144 
Derangement of general sensations in 
jaundice, 236 

Desoxycholate and heart, 148, 155-56 
Desoxycholic add, 25, 72 
as choleretic, 269 
and rickets, 29 
and skeletal muscle, 163 
toxidty of, 64, 65, 68, 270, 275 
Destructive action of bile on eryth- 
rocytes, 1 1 2-1 6 
Detoxification 

bile as agent of, 201-2; see also Pro- 
tective action of bile 
of biHrubin, 89-90 
of blood, 177 
of heart muscle, 1 55-56 
Diabetes, 96 
biHary, 76 
pancreatic, 29, 46 

Diarrhea, 180, 182, 188, 189-90, 191, 
201, 215, 216, 217, 218, 236 
Diathermy, 43 
Diet 

and biHary fistula, 263 
and obstructive jauncHce, 259 
and pigmentation of blood, 226 
and variation in bile, 21, 23, 25, 29-30, 
41, 45, a37 
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Digestion, 236, 269; see also Fats, ab- 
sorption of; Malnutrition 
Digitalis, 154 
Diseases 

and bile, 21, 36-37, 237 
early idea of, 3 ff., 237 
and liver, 281 

Dissociated biliary retention, 228 

Dissociated jaundice; see Jaundice, dis- 
sociated 

Dissociation constant of bile acids, 26 
Diuretic action of sodium dehydro- 
cholate, 176, 275 

Double Thiry-Vella fistula, 185 
Drugs, 22, 26, 37-38 
Duodenal fistula, 187 
Duodenal injection of bile, 184 
Duodenal-tube bile, 67 

Duodenal ulcers, 192, 193, 262; see also 
Peptic ulcers 

Duodenum, 184, i86, 188, 189, 194 
Dyes, 22, 38, 102, 105 
Dyscholia, 242 
Dyspnea, 86, 139 

Eclampsia, 179 

Edema, 174, 176, 204, 214, 217, 218, 237, 
246 

Egg albumin and bile salts, 68 
Eggs, cholesterol in, 94; see also Birds 

Emboli (see also Thromboris) 
and bile, 18, 80, 128, 157, 194 
cerebral, 138 

and cholesterol, ii, 99, 100, 149 
mucous, 138 

“Emotional icterus,” 230 
Enterobiliary fistula, 268 
Enterohepatic circulation, 11, 57 
Enterostomy, 18^ 

Enzymes, 28 

Epinephrine; see Adrenalin 
Ergosterin, 29, 43 
Ergotamine, 43, 44 


Erysipelas and urobilin, 92 

Erythrocytes (see also Blood; Red blood 
cells) 

and bile, 112-22 
and bilirubin, 56, 73, 121 
and destructive action of bile, 112-16 
fragility of, 119-21 
in hematogenous icterus, 250, 251 
and inhibitory action of sugars on 
hemolysis, 121 

in obstructive jaundice, 117, 119, lao 
and protective substances in blood, 
116-19 

sedimentation, 121 
solution of, 122 

Essential hemorrhagic jaundice of Mon- 
neret, 246 
Estrogen, 179 
Ether, 43 

Ethereal sulphates, 28 
Excitation, 15 

Exerdse and variation in bile, 21, 41 
Exhaustion in jaundice, 236 
Experimental history of bile, 7-1 

External biliary fistula 
and addosis, 16, 265-66 
and alkali reserve, 262, 265-66 
and anemia, 115, 262, 263, 264 
and bile pigment, 264 
and bile quantity, 10 L 
and blood, 262, 264 ^ 
and bone abnormaHdes, 262, 265-68 
and caldum metabolism, 262, 265-66, 
267-68 

and caoutchouc bag, use of, 264 

and cholelithiasis, 262 

and diet, 263 

and duodend ulcers, 262 

and erythrocytes, 264 

experimental work with, 21, 23 

and feeding of bile, 262, 263, 266 

and hemoglobin, 264 

and infection, 262 

and intestinal disturbance, 262 

and length of life, 262-68 

and leukocytes, 264 

and loss of weig^it, 262, 263 

and osteopororis, 262, 265-68 

and parathyroids, 262, 265 
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External biliary fi%t)ihr—continued 
and peptic ulcers, 191, 192, 194 
and phosphates, 262, 266 
and phosphorus metabolism, 266, 
267-68 

and spleen, 264 

and spontaneous fractures, 262, 265 
and urine, 266 

External pancreatic fistula and peptic 
ulcers, 1 91 

Extrahepadc obstrucrion and jaunchce, 
252-61 

Extrauterine pregnancies, 76, 251 
Extravasations of blood in tissues, 73 > 
76, 226, 251 
Exudates 

coloring of, in jaundice, 236 
effect of, on action of bile, 18 
Eyelids, 240 

Eyes, color of, in jaundice, 225, 226, 227, 
236 

Eyesight in jaundice, 236 
Fasting 

and bile output, 180 
and bile-salt production, 46 
and white bile, X04 
Fasting icterus, 230 
Fatality; see Death 
Fate of bile, 41, 52-59 
in jaundice, 234 
in obstructive jaundice, 256 
Fats, 159 
absorption of 
and bile, 196-97 
and bone metaboKsm, 266, 267 
in jaundice, 236, 253 
in bile, 26, 28 
in blood, 1 14 

and cytolytic activity of bile salts, 209 
in obstructive jaundice, 256 
Feces 

bile in, 180, i88 
bile adds in, 8, 167 
bile pigments in, 55 
in congenital atresia of bile ducts, 
252-53 

glycocoU in, 71 
in icterus neonatorum, 251 


in jaundice, 236 
in obstructive jaundice, 196 
stercorin in, 96 
taurin in, 69 
urobilin in, 93 
urobilinogen in, 92, 93 
Feeding {see also Mouth) 
of bile, 262, 263, 266 
death due to, 182, 183 
of bile and liver, 268 
Fermentation, 196 
Fever, 43, 235 
Feverless icterus, 145 
Fibrinogen 

in jaundice, 129-30, 133-34, 136, 233 
and liver damage, 133-34 
normal content of blood, 133-34 
Filtered bile {see also Decolorized bile) 
death due to, 10 
effect of injection of, 8, 137, 138 
and nervous system, 137 
toxidty of, 12, 13, 61, 79, 138 
Fistula bile {see also Biliary fistula bile) 
bile-salt concentration of, 60 
daily output of, 237 
dea^ due to, 81 
decolorized, 13 f., 81 
density and toidcity of, 14 
ledthin in, loi 

after ligature of portal vein, 14 
spedfic gra^ty of, 24, 81 
toxidty of, 13 f., 62, 81 
Fistulas, intestinal, types of, 185 
Fluid {see also Secretions) 
called “bile,*’ 219 

peritoneal, and secondary surgical 
shock, 222-23, ^^ 5^4 
patholo^cal, bile pigment in, 56 
Fractures 

and bihrubinemia, 76, 251 
spontaneous, and biliary fistula, 262, 
265 

Freezing-point of bile, 24 

Galactose and coagulation of blood, 135 
Gallbladder 
albumin in, 58 

bacteria in, 197-98, 200, 201, 202 
and bile salts, 66 
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bilirubin in, 58 

calcium in, 58, 59 

changes of bile in, 57-59 

chloride in, 57, 58, 59 

cholesterol in, 57, 58, 59 

congenital absence of, 254 

disease of, and jaundice, 58 

and lecithin, 57 

necrosis of, and bile, 208-9 

and obstructive jaundice, 256 

phosphorus in, 58, 59 

pressure within, and heart rate, 159 

protein in, 58 

pseudo-mucin in, 102 

sodium in, 57 

sodium chloride in, 58 

Gallbladder bile 
bacteria in, 197-98 
bile acids in, 57, 58 
bile salts in, 60 
bilirubin in, 57, 58 
color of, 22 
constituents of, 29 
density and toxicity of, 14 
lecithin in, lox 
mucin in, 102, 209 
spedhc gravity of, 24 
stagnant, toxidty of, 14 
toxicity of, 14, 62, 67 
whole 
filtered, 79 
and heart, 87 
and pulse rate, 87 

Gallbladder fistula, 1 15, 187 
GallodesoxychoHc acid, 67 
Gallosterin, 267 
Gallstones, 20, 32, 58, 230, 257 
and acute pancreatitis, 204 
bacteria with, 197 
and black bile, 105 
and cholesterd, 96, 100 
and pregnancy, 251 
Gastric addity 
jaundice and, 183 
ulcers and, 191, 192 

Gastric hemorrhages, 191, 192, 193, 194 
Gastric motility of the hunger type, 183 
Gastric mucosa; Mucosa 
Gastric secretion, 183 


Gastric ulcers, 68, 191-94 
Gastrobiliary fistula, 268 

Gastrointestinal system 
action of bile on, 180-95 
colon, 188-91 

intestinal obstruction, 194-95; see 
also Intestinal obstruction 
peptic ulcers, 191-94 
small intestine, 183-88; see also 
Intestine; Small intestine 
stomach, 10, 12, 182-83, 192 
disturbances of, in jaundice, 236 
and ligation of common duct, 184, 193 

Gastrojejunostomy, 193 

Gestation, 96 

Giddiness in jaundice, 236 

Glands, cholesterol in, 94 

Glucose and coagulation of blood, 13 1, 

Glycemia, 29, 142 
Glycerol, 135, 193 
Glycerophosphoric add, 268 
Glycocholia, 29 
Glycocholic acid, 25, 60, 72 
death due to, 214 
dissodation constant of, 26 
in jaundice, 234 
pK of, 26 
toxidty of, 64 

GlycocoU, 67, 71 
in feces, 71 
and heart, 71, 148 
and nervous system, 142 
putrefaction and, 197 
tosidty of, 8, 10, 70, 71 
and urea, 71 
in urine, 71 

Glycogen, 142, i66, 233, 245, 248, 260 
Glycosuria, 46 

Glycuronic adds, conjugated, 28 
Gol^ apparatus, 41 

Grave essential jaundice of Beneuville, 
246 

Green bile, X05 
Green jaundice, 80 
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Headache in jaundice, 236 
Heart 

and bile, 7, 10, ii, 18, i45“56> 158-59 
and bile adds, 10, 148, 150, 155, 156, 
224, 269 

and bile pigment, 148, 1 53 

and bile salts, 19, 147-49, i5i» 153 j 

154, 158-59 

and bilirubin, 86-87, 14^47 
and caldum, 149, 159 
and cholesterol, 148, 149 
and cholic add, 147, 154-55 
and choline, 153, 159 
and dehydrocholate, 148 
and dehydrocholic acid, 271-72 
and desoxycholate, 148, 155-56 
and glycocoU, 71, 148 
isolated, and bilirubin, 86-87 
and jaundice, 145, 149, 152, 153, 156, 
IJS, 159, 335, 336 
and liver disturbance, 149-50, 159 
and nerves, 150-53 
and potassium, 149 
and sodium cholate, 87 
and sodium dehydrocholate, 271-72 
and sodium desoxycholate, 271 
and sodium glycocholate, 87, 147, 148, 
152, 271 

and sodium taurocholate, 152 
and taurin, 148 
and taurochoHc acid, 147 
weakness of, in common-duct ob- 
struction, 256 

and whole gallbladder bile, 87 

Heartbeat in bile peritonitis, 218; sef 
also Pulse 

Heart muscle, loi, 146, 152, 153-56 

Heart rate (see also Pulse) 
in congenital atresia of bile ducts, 253 
and pressure within gallbladder, 159 

Hematin, 8, 9 

Hematogenous icterus, 113, 249, 250, 
251 

Hematoidin, 226 

Hematoporphyrin, 33, 239 

Hematuria, 168, 177 

Hemins, 49 

Hemoglobin, 75, 77, 241 
and bile in blood, 114, 115, 116, 117 


and bile pigments, 55, 73 
and biliary fistula, 264 
and bilirubin, 73 
Hemoglobinocholia, 32 
Hemoglobinuria, 16, 1 13, 1 18 
Hemolytic disease, 230 

Hemolytic jaundice, 76, 120, 145, 229, 
238, 252 

Hemolytic sera, 118 
Hemorrhage; see Bleeding 
Heparin, 86 

Hepatectomy, 47, 49, 246, 247 
Hepatic (fisorders; see Liver 
Hepatic duct, Hgation of, 254 
Hepatic-duct bile, 62 

Hepatic insufficiency, 235, 246-48, 259- 
60; see also Cholemia 
Hepatorenal disease, 1*7 
Hepatorins, 47 
Heteroalbuminocholia, 26 
Bficcuping in bile peritonitis, 213 

H-ion concentration of bile, 24-25; see 
also Ion concentration; pH 
Histamine, 25, 43, 44, 209 
History of bile, 1-6 
experimental, 7-17 
Hormones, 28, 43 
Horse serum, color of, 74, 75 
Human serum, color of, 74, 75; see also 
Blood serum 

Humors, early ideas regarding, 4 f. 
Hunger, 183 
Hydrobilirubin, 32, 75 
Hyocholic add, 64, 70, 162 
Hyperamphatonia, 153 
Hyperbilirubinemia, 73, 76, 178, 226 
Hypercalcemia, 153 
Hypercholesterinemia, 121 
Hypercholesterolemia, 98, 149 
Hypercholinemia, 153 
Hyperesthesia and bile, 15 
Hyperglycemia, 46 
Hyperluneds, 137 
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Hypertrophic cirrhosis of the liver, 
bilirubin in, 76 
Hypervagotonia, i5ofF., 158 
Hypocalcemia, 153 
Hypocholesterolemia, 149 
Hypocholia, 60 
Hypocholinemia, 1 53 
Hypoglycemia, 247 
Hypophysin, 44 
Hypothyroidism, 58 
Hypotonia, 153 

Icthre totaly 1^6 
Icterogen poisoning, 243, 244 
Icterus, 12, 18, 104, 119, 225-48; 
Jaundice 

and bile acids in blood, 109 
and bile salts in blood, 114 
cholesterol in, 96 
congenital hemolytic, 232 
^‘emotional,** 230 
fasting, 230 
feverless, 145 

hematogenous, 113, 249, 250, 251 
hemolytic, 76 
and infections, 198 
local, 226 

of the new-born; see Icterus neona- 
torum 
stasis, 243 
Icterus gravida, 251 
Icterus gravis, 10, 213 
Icterus neonatorum, 73, 75, 77, 230, 
249-51, 252 
Ileum, 184 

Inanition, cacheada of, and bilirubin, 76 
Infarcts, 96, 250 
Infections 
bile in, 21 

and bile in peritoneum, 2ii, 212 
and biliary fistula, 262 
and cholesterol, 96 
and icterus, 198 
and mucin in bile, 27 
Infectious jaundice, 234 
Injections of bile 
death due to, 137, 140 
types of, 18 


Insulin, 25, 30, 43, 245 
Intestinal acholia and urobilin, 93 
Intestinal disturbance and biliary fis- 
tula, 262 

Intestinal hemorrhages, 194 
Intestinal obstruction 
bacteria and, 196 
and bile, 194-95 
tofflcity in, 201 

Intestine {see also Colon; Small in- 
testine) 

absorption of fats from, 196-97 
bacteria in, 196, 198, 201 
bile in, 180-81 

and fistula output of bile, 10 
bile adds in, 8, 188-89 
bile pigments in, 55, 188 
and bile salts, 23, no, 185, 186, 187, 
188, 189, 190 
and cholesterol, 51, 188 
fate of bilirubin in, 50, 56-57, 85 
mucosa of; see Mucosa 
serosa of; see Serosa 
and urobilin, 93 
Intracardiac injection 
of bile, 10 
of bile adds, 10 
Intracarotid injection 
of bile, 10, 140 
of bile salts, 157 

Intracolonic injection of bile, 190 
Intra-intestinal injection of bile, 184 
Intrajugular injection 
of Wle salts, 157 
of filtered bile, 137 
of sodium glyco<Aolate, 137, 138 
of sodium taurocholate, 137 
Intralymphatdc injection of bilirubin, 
85-86 

Intraperitoneal injection 
of bile, 18, 157, 172, 191, 193 " 94 >^ii 3 - 
14, 215, 216, 218, 220, 221 
plus caldum, 260-61 
of bile salts, 157 
of ledthin, 101 

of sodium dehydrocholate, 277 
of sodium glycocholate, 213 
Intraspinal injection of bile, 140 
Intrathoradc injecdon of bile, 220 
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Intravenous injection 
of bile, 7, 8, ii, 13, 18, 138, 157, 183, 
184, 185, 189, 193-94, 245 
plus calcium, 260-61 
of bile acids, 9, 10, 189, 269 
of bile constituents, ii 
of bile salts, 9, 11, 157, 167, 176, 223, 
245 

of bilirubin, 81-82, 83, 86-87, 167 
of cholesterol, ii, 98-100 
of filtered bile, 8, 138 
of ledthin, loi 

of sodium dehydrocholate, 270 ff. 
of sodium glycocholate, 8, 138, 169, 

213 

of sodium taurocholate, 8 
of urobilin, 50-51 

Ion concentration of blood, effect of bile 
on, 1 43; see also H-ion concentra- 
tion; pH 

Iron and icterus neonatorum, 250, 251 
Irradiated ergosterol, 267 
Isatin, 51 

Itching, 236, 238-40, 247 

Jaun<fice, 4, 18-19, 112, 225, 279, 280; 
see also Icterus 

and absorption of fats, 236, 253 

and anemia of brain, 10 

and arthritis, 144, 278 

bile adds in blood in, 109, 173, 233, 

23s 

in bile peritonitis, 218 
and bile pigment, 176, 227, 234, 235- 
36 

bile salts in blood in, 231, 233 
and bilirubin, 76, 90, 107, 227, 229, 
233, 235 
black, 80, 246 

bleeding in; see Bleeding, in jaundice 
and blood pressure, 158, 232, 236 
blood urea in, 235 
cancer and, 143, 159 
catarrhal, 234, 238 
causes of death in, 248 
cholesterol in, 96, 235, 240 
chronic acholuric, 120 
dasdficadon of, 227-30; see also 
Jaundice, three types of 
color of skin and eyes in, 225, 226, 
227, 236, 238, 251 


congenital obstructive, 249 
definition of term, 225, 226 
dissociated, iio-ii, 120, 170, 234 
essential hemorrhagic, of Monneret, 
246 

etiology, 226-27 

and excretion of bile acids, 53 

extrahepatic obstructive and, 252-61 

and eyesight, 236 

fate of bile in, 234 

fate of bile adds in, 55 

feces in, 236 

feigned, 225 

fibrinogen in, 129-30, 133-34, 136, ^33 
and fragility of red cells, 119-21 
and gallbladder disease, 58 
and gastric acidity, 183 
glycocholic add in, 234 
grave essential, of Beneudlle, 246 
green, 80 

and heart, 145, 149, 15a, 153, 156, 158, 
I59> ^35, ^36 

hemolytic, 76, 120, 145, 229, 238, 252 
hepatic insufficiency and, 246-48 
infectious, 234 
intoxication of, 231 ff, 
and kidney, 172-73, 177, 233, 235, 
245, 246 

the liver in, 231, 232-33, 234, 235, 
236, 241-48 

and locai peritonitis, 237 
loss of wdght in, 233; see also Jaun- 
dice, malnutrition in; Nutritional 
disturbances in 
mafignant, 137, 245, 246 
malnutrition in, 143, 159, 252, 253, 
255; olso Jaundice, nutritional 
disturbances in; Jaundice, loss of 
wdght in 

and menstruarion, 179 
mental symptoms in, 137 
nervous symptoms in, lo, 143-44 
neutral sulphur in, 234, 236 
in new-born; see Icterus neonatorum 
and nitrogen metabolism, 233, 234, 
136 

of nonobstructive origin, 232 
not a disease, 248 

nutritional disturbances in, 10; see 
also Jaundice, loss of wdght in; 
Jaundice, malnutrition in 
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obstructive, 4 ^? ^ 59 j ^2,9* 

255 > 280; see also Common duct, 
obstruction of; Jaundice, extra- 
hepatic obstruction 
and anemia, US 

and bile adds, 55. 109-10, 112, 231 

and bile salts, 47 > 5 ® 

bilirubin in, 56, 107, 229 

bilirubinemia in, 76 

bleeding in, 124 ff., 136 

and carotin, 267 

and cholesterol, 97, 256 

color of skin in, 256 

complete, 268 

congenital, 249 

and diet, 259 

and erythrocytes, 117, ii 9 , 

experimental, 254-58 

and fate of bile, 256 

and fats, 256 

feces in, 196 

and gallbladder, 256 

lecithin in, 256 

and length of life, 258-59* 2-68 

and liver, 149* ® 43 > ^ 54 * ^57 

and operations, 259-61 

and peptic ulcers, 193 

sodium taurocholate in, 256 


and stomach, 183 
and taurocholate, 47 
and urine, 8, 165, 166-67. 168-69, 
170, I74 j *SS9 *56 
and urobilin, 92 
and peevishness of temper, 236 
physiologic, 225-26,^9-51 
pigmentation in, I 7 ®» *® 5 » ® » 7 > 

234 » aSS-S^ 

plasma (blood) in, 235-30 
platelets in, 131-3® 
in pregnancy, 179 > 

preoperative treatment in, 260-01 

and prottin in urine, 165 
and pruritus, 237* ^ 3 ^* *39 
purpura in, 125 
receding, 230 
renal dissociation, 176 
respiration in, 237 
and sadness, 236 

and saKvo, 236 , 1. , Hood 

and sedimentation rate for red blooa 

cdlS, 121 

severe, of Ozanam, 24* 


ample, 243, 246 

and skeletal muscle, 160-61, 162, 163 

spleen in, 236 

surgical risk in, 259-61 

sweat in, color of, 236 

symptoms of, 230-41, 245 

taste in, 236 

taurocholic acid in, 234, 236 
and temporary teeth, 251 
theories regarding, 246, 249-50 
three types of, 169^0; see also Jaun- 
dice, clastification of 
toric, 243 

typhoid, of Leberet, 246 
and ulcers, 193, 194 
uremia in, death due to, 248 
urine in, 165, 166, 169, 170* I 7 i> 173 " 

77, 226, 233, 23i^ 236, 237; see 
also Jaundiced urine 
and urobilin, 93 
and uterus, 179 
and xanthoma, 240 

Jaundiced urine, 13?. * 73 -^ 7 ; 

Jaundice, urine in 
color of, 165, 166-67 
Jejunum, 184, 185 
Jercorin, 28 

Keratin-coated bile pills, i8i 
Kidney 

and bile, 166, 171-^3 

and bile add, 8, 224 
and bile pigment, 173 
qnd bile salts, 12, 173 

andbiUrubin, 56, 7 ^, ^27 
cholesterol in, 94 
as compensatory organ, 37 
and dehydrocholic acid, 275 
and detorification of blood, 177 
(hsease of, bilirubin in, 7 ^> **7 
in icterus neonatorum, 250 
and jaundice, 172-73* * 33 » * 35 * 

045, 246 

and ligation of common duct, 173, ^74 
and liver, i 74 “ 75 > *47 
and sodium dehydrocholate, 275 
and urobilin, 92 
Koproporphyrin, 33 
Kymograph, 10 
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Lactic add, 28 
Laparotomy, 21 1 
Lecithin, 26, 28, loi, 220, 223 
and cytolytic activity of bile salts, 209 
and gallbladder, 57 
and gastric ulcers, 192 
intraperitoneal injection of, loi 
in obstructive jaundice, 256 
ori^n of, 52 
and peptic ulcers, 193 
and pregnancy, 52 
and tetanus of muscle, 163 
toxidty of, loi 
Leprosy, 92 
Leudne, 168 

Leukocytes, 115, 122-23, 264; see also 
Blood; White blood cells 
Life {see also Death) 
length of 
and bile loss, 263 

and external biliary fistula, 262-68 
and obstruction of common duct, 

258-59 , 

and obstructive jaundice, 258-59, 

268 

and necessity for bile, 41, 263, 264 
Ligation 
of artenes, z 1 
and bile ducts, 9, 254 
and bile flow and blood fiow, 9 
of common duct, 18, 193, 231, 243, 
25S“56> ^58 
and anemia, 115 

and bile pigment in urine, 165, 167 
and changes in kidney, 173, 174 
and cholesterol, 97 
effect of, on gastrointestinal system, 

184, 193 

and recanalization, 255, 258 
of hepatic duct, 254 
and liver, 9 
of portal vein, 14 
of thoradc duct, 255-56 
Lipase, 268 
Lipides, 68 
Lipochrome, 74 
Lipoids, 52, 1 17 
Lipolytic enzymes, 28 
LithochoHc acid, 67 


Liver 

and bacteria, 199-200, 245 
and bile, 26 f., 32, 245, 281 
and bile acids, 8, 16, 168, 233 
and bile constituents, 18, 42, 166 
bile pigments in, 16 
and bile salts, 42, 47, 48, 53, 60, 245 
and bilirubin, 42, 48, 56, 76, 82-83, 
90,92 

and cholesterol, 42, 51, 94, 97, loi 
cirrhosis of; see Cirrhosis of liver 
and common-duct obstruction, 242- 
43, 256, 257, 258 
as compensatory organ, 37 
in congenital atresia of bile ducts, 252 
and dehydrocholic acid, 274-75 
disease of, 5, 92, 138, 230 
disturbed function of, 172 
and bile, 26 f., 32 
and ble^ing, 132-34, 136 
and fibrinogen, 133-34 
and heart, 149-50, 1 59 
and pruritus, 239 
and urine, 172 
and xanthoma, 240 
due to alcohol, 92 
effects of removal of, 8, 233 
failure of, to secrete bile, 42 
functions of, 242 
test for, 82-83, 90 
hepatic insufficiency, 246-48 
in icterus neonatorum, 249, 250 
in jaundice, 231, 232-33, 234, 235, 
236, 241-48 

and kidney, 174-75, 247 
and ligatures, 9 

and obstructive jaundice, 149, 243, 
^54, a57 

and origin of bile, 46 
and origin of bile constituents, 42, z66 
regulation of amount of lipoids by, 52 
and sodium dehydrocholate, 274 
and white bile, 61, 104 
liver bile, 208, 209 
Liver cells and bile, 122 
Local icterus, 226 
Lutein, 75 

Lymph after removal of liver, 8 
Lymphatic leukemia and urobilin, 92 
Lymphatics, 85, 256 
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Lysin, 66 

Lythocholic ftddj 7^ 

Malaria, 9 ®. 93 . “S 
MaBgnant jautwrice, i 37 » ^^ 45 . *46 
Malnutrition in jaundice, I 43 ..IS 9 . * 5 *. 
2(, atS: «*o Nutntional dis- 

twbances; Wright, loss of 
Mechanical staris, aag _ 

Meconium in congenital atresia of bile 
ducts, a 5^“53 
Melancholia, 35 ^37 j ^44 
Melancholy humors, 4 

Menstruation, jaundice and, 179 

Mental symptoms in jaundice, 137 

Mesobilirubin, 75 
Mesobiliviolin, 75 

Metabolic rate and bile, 143 

Metallic poisoning, 103 

Metallic salts in bile, loa 

Metastatic abscesses, aao 

Methods of investigation of bile, 18-19 

Methyl-ester-jS-choUc acid, 267 

Migraine, 278 

Milk, coloring of, in jaunto, 236 
Mineral poisoning, 37 ’' 3 ^ 

Minerals in bile, 3 ®~ 3 ^ 

Miscarriage, I 7 ®j ^79 
Mouth {see also Feeding) 
bile given by, 7 > H 5 
bile salts given by, 
sodurn dehydrocholate given by, 

a 77 , ^78 

in gallbladder bile, ioa,ac^ 

in obstructive jaundice, aS© 
Mucinocholia, a 7 

Mucosa 

gs£r.9. 


Mucus-free decolori2ed bile, 8 
Muscarine, 98 

Muscles ... , 

abdominal, in bile peritonitis, 2 id-I 7 j 
218 

effect of bile on nerves and, i 4 i- 4 ^> 

163 , 

heart; Heart muscle 

paralysis of, 162-63 
skeletal; see Skeletal muscle 


270, 


Mucous emboU, 138 . 

Mucous membrane, bile pigment m, m 
jauniUce, 43® 

Mucus, bile, 5 > * 9 ^ 


Nasal secretion and bile acids, 189 

Necrosis 

bile and, 18, 214 
of gallbladder, 208-9 
Nephritis, 76, 93, 9 ^> ^ 7 ^> ^ 7 ^> ^73 
Nephrosis, I 7 i> ^73 

Nerves {see also Brain; Central nervous 
system; Nervous system) 
and bile, i 4 i- 44 > I 5 ^ 53 » 163 
cholesterol in, 94 > 9 ® 
and heart, I 50 "S 3 ^ 

Nervous system {see also Brain; Centra 

nervous system; Nerves) 
and bile, 80, 137-44, 163 

and bilirubin, 8_6, 139 
and disease of liver, 138 
and glycocoU, 14^ 
and jaundice, 10, 143’"44 
New-born infants 

bilirubin crystals in, 73 

bibUrubinemia in, 76,^50,^51 

^ congenital atresia of bile ducts, 

252-54 

jaundice in; Icterus 
Nitrogen metabolism (j« also 

in CM^^ 
mjaundce,433,a34,a36 
Nomenclature; see Terminol(^ 
Nonprotein nitri^en 

in bile, ap 
in blood, a6o 
Nouvelle Solution, 99 

Nuclrin-splitringandbileaad,68 

Nutritional diaturbancesmjaimi^J^ 

see also Malnutrition; We^ht, loss or 
Obstetrical traum^ biliralw in, 7 ®, a®* 
Obstipation and bffirulMn, 86 
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Obstruction 

of bile ducts; see Bile ducts, obstruc- 
tion of 

of common bile duct; see Common 
bile duct, obstruction gf 
of pancreatic duct; see Pancreatic 
duct, obstruction of 
Obstructive jaundice; see Jaundice, ob- 
structive 
Odor of bile, 2 
Oestrous hormone, 28 
01«n, 28 
Oliguria, 172, 176 
Oliguric nephrosis, 173 
Oocyanin, 75 

Open wounds; see Wounds 
Operations 

abdominal, and bile output, 23 
and biHrubinemia, 25 x 
obstructive jaundice and, 259-61 
Oral feeding; see Feeding; Mouth 
Origin of bile, 41-52 
Osmotic pressure 
of bile, 25-26, 41 
of blood, 41 

Osteomalacia, 266, 267, 268 
Osteoporosis, 16, 262, 265-68 
Output of bile (see also Quantity) 
abdominal operations and, 23 
and choleretic effect of bile acids, 174, 
269, 270, 272-74; see also Chol- 
eretics 

daily, 22, 23, 41, 60 
and fasting, 180 

and time of day; see Time of day 
Ovaries, 58, 179 
Oxycholic add, 269 

Oxygen consumption of tissues, bile 
salts and, 68-69 

Falmatin, 28 

Pancreatic diabetes, 29, 46 
Pancreatic duct 

and congenital atreda of bile ducts, 
aS3 

injection of bile into, 204-5, ^ 
obstruction of, 159 

amA TiTr*Av« rnr 


Pancreatic enzyme, 28 
Pancreatic juice 

and acute pancreatitis, 204, 205, 
206-7 

and bile, 16, 195 
and bile acids, 67 
and peptic ulcers, 193 
Pancreatitis; see Acute pancreatitis 
Paracentesis, 211, 217 
Paralysis, 15, 137, 140 
of muscles, 162-63 
Parasympathetics, 43 
Parathyroids, 262, 265 
Pathological bile, 21, 36-39 
Pathological bilirubinemia, 75-77 
Peevishness of temper in jaundice, 236 
Peptic ulcers, 191-94; see also Duodenal 
ulcers 

Pericardium, 19 

Periodicity of bile formation; see Time 
of day 

Peritoneal fluid called “bile,” 219 
Peritonitis (see also Bile peritonitis) 
local, in jaundice, 237 
Pernicious anemia, bilirubin in, 76 
Perspiration, bilirubin in, 74; see also 
Sweat 

Petechiae, 264 

pH of bile, 24-25, 40, 66, 199, 208-9; 
see also H-ion concentradon; Ion 
concentration 
Phenylhydrazine HCl, 33 
Phloririn and bile, 43 
Phocataurocholic acid, 67 
Phosphates, 28, 58, 262, 266 
Phosphatase, 28, 268 
Phosphatides, 163, 193 
Phospholipins, loi, 102 
Phosphoric add, 28 

Pho^horus 
and bile, 21, 26, 34 
and biliary fistula, 266, 267-68 
and coaguladon of blood, 136 
in gallbladder, 58, 59 

: 2 
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Phyacal reactions of bile, 25-16 
Physiologic jaundice, 225-26, 249-51 
Pigments; see Bile pigments 
Pilocarpine, 43, 44 
Pituitary body, anterior, 43 
Pituitrin, 43, 178 
pK of bile acids, 26 
Placenta 

action of bile on, 179 
iron contents of, and icterus neona- 
torum, 250 

Plantar extensor response, 235 
Plants 

action of bile acids on, 70, 71 
pigments in, 75 
Plasma in jaundice, 235-36 
Plasmochrome, 74 
Platelets in jaundice, 131-32 
Platner’s crystallized bile, death due to, 
II 

Plriochromic bile, 105 
Pneumonia, 21, 76, 92, 93, 199, 237 
Poisonings, 21 
arsphenamine, 278 
chloroform, 42, 104, 230, 232, 244 
metallic, 103 
mineral, 37-38 
phosphorus, 104, 230, 267 
sulphanol, 33 
Polycholia, 60, 237, 246 
Polycythemia and urobiUn, 92 
Polypeptides, 248 
Porphyrins, 33 
Portal vein 

and biUrubin absorption, 85 
ligature of, and toxidty of bile, I4 

Potasrium, 42, 149 
Pre^ancy 

and bile salts, 59, 251 
and bile secretion, 58 
bilirubin in, 76, 178, 251 
cxtrauterine, 76, 251 
and gallstones, 251 
jaundice in, 179, 251 
and iedthin output, 52 
Premature labor, 17^ 


Preoperative treatment in jaundice 
260-61 * 

Preservative, bile as a, 8 
Prostration, 140 
Protean character of bile, 22 
Protective action of bile, 192, 194, 195. 

see also Detoxifying agent, bile as 
Protective role of cholesterol, 97-98 
Protective substances in blood prevent- 
ing hemolysis by bile, 116-19 
Protein 
in bile, 27 

and bile salts, 15, 117, 118, 209 
in gallbladder, 58 
in urine, in jaundice, 165 
Protein osmotic pressure of bile, 26 
Proteolytic enzymes, 28 
Prothrombin and coagulation of blood, 

13a, 135, 136 
Protoporphyrin, 33 

Protozoa, lysis of, and bile salts, 1 5, 1 1 5 
Pruritus, 236, 237-40 
Pseudo-mucin, 102, 209 
Puerperium and bile secretion, 58 
Pulse {see also Heartbeat; Heart rate) 
in bile peritonitis, 218 
and bilirubin, 86, 87 
in congenital atretia of bile ducts, 253 
fast; see Tachycardia 
in hepatic insufficiency, 247 
in icterus neonatorum, 251 
slow; see Bradycardia 
and whole gallbladder bile, 87 
Purgative, bile as, 189 
Purity 

of bile-add products, 61 
of bilirubin, 78 
Purpura in jaundice, 125 
Putrefaction {see also Decompotition) 
and bile, 198, 201 
and bile adds, 196, 197 
and cholic add, 197 
and taurin, 197 

Quantity of bile, 22-23; see also Output 
of bile 

in external biliary fistula, to L 
Quimne, 43 



43 ° 


INDEX 


Reactions of bile 
pH, 24-25 

physical and chemical, 25-26 
Recanalization of common duct, 255, 
258 

Receding jaundice, 230 
Rectal injection of bile and bile salts, 
189 

Red blood cells (see also Anemia; Blood; 
Erythrocytes) 

and bile salts, ii, 15, 62, 64, 65-67 
and biliary fistula, 264 
and cholesterol, 96, 97 
destruction of, by bile salts, 62 
hemolysis of 

by bile salts, 15, 64, 65-67 
and mudn, 16 
and intravenous bile, 8 
Regurgitation, 194; see also Vomiting 
Renal-dissociation jaundice, 176 
Respiration 
and bile, ii, 142-43 
in bile peritonitis, 215, 217, 218, 223 
and bile salts, 19 
and dehydrocholic acid, 272 
in jaundice, 237 

and sodium dehydrocholate, 272 
and sodium glycocholate, 272 
and sodium taurocholate, 16 
Restlessness, 218, 233 
Rheumatic pain, 144 
Rickets, 29, 265, 267, 268 
Roentgen rays 
and bile adds, 45 

and preoperative treatment in jaun- 
dice, 261 

Rotary dispersion of bile adds, 25 
Rust bile, 105 

Sadness and jaun^ce, 236 
Saliva 

axid bile adds, 189 
bile pigment in, 55 
and bihrubin, 86 
in jaundice^ 236 
Saponin, 33, 117 ' 

Sarcoma, 259 

Sderae in jaundice, 225, 226, 227, 236, 
238, 251 


Secredne, 44 
Secretion granules, 16 
Secretions (see also Fluid) 
gastric, 183 

peritoneal fluid called “bile,** 219 
salivary and nasal, bile adds and, 189 
Sedative action of bile, 144 
Septic hemolysis, 230 
Serosa, 19, 180-81 
Severe jaundice of Ozanam, 246 
Shells, coloring of, 91 
Sight in jaundice, 236 
Simple jaundice, 243, 246 
Sistosterin, 43 
Skeletal muscle, 10, 160-64 

Sldn 
color of 

in biliary diabetes, 76 
in congenital atresia of bile ducts, 
252, 253 ^ 

in icterus gravida, 251 
in icterus neonatorum, 249, 251 
in jaundice, 225, 226, 227, 236 
in obstructive jaundice, 256 
disturbances of, in pruritus, 238-40 
Small intestine and bile, 10, 183-88; see 
also Intestine 
Soaps in bile, 28 
Sodium in gallbladder, 57 
Sodium bilirubinate, 147 
Sodium chloride in gallbladder, 58; see 
also Chloride 
Sodium cholate, 27, 65 
and blood pressure, 87, 157 
and destruction of red blood cells, 64 
as detoxifying agent, 202 
and heart, 87 

and nervous system, 139, 142 
toxicity of, ii, 65, 67, 68, 69 
Sodium choleate, 27 
toxicity of, 275 
Sodium choleinicum^ 182 
So(^um dehydrocholate, 65, 270 
and arsphenamine poisoning, 278 
and bacteria, 199, 271 
and blood, 270-71 
and blood pressure X58 



as choleretic, a? 278 
diuretic action of, i7®> ®7S 
and heart, 271-71 . 

intraperitoneal injection 01, 2^ 
intravenous injection of, 270 tt. 
and kidneys, 27 s 
and Uver, 274 

and nervous system, 14I » 

oral admimstration of, 270, 277, »/ 
and respiration, 272 
and spleen, 274 _ _ ^ 

subcutaneous injection 0^ 275, 

toxidty of, 270 fif., 275-7 

Sodium dehydrodesoxycholate, i 99 

Sochum desoxycholate, 27 
and blood, 270 
and heart, 271 , , 

toxidty of, 65, 69, 156. 170 “• 

Sodium glycocholate, ®7. 33. 

and blood, 113. ”4. “5. ”7. ^ 

and blood pressure, 87, 157 
and coagulation of blood, 127 
as detoidfying agent, M2 
and heart, 87, 147. 

and intestine, 185,186, 187 „ 

intrajugular 

inaaperitont^.ttyection of, «3 

intravenous injection of, 8, I3». 

and migraine, 278 ,, 8 , 139 . 

and nervous system, 137. 3 

141. 

and peptic ulcers, 191 
and placenta, i79 

and respiration, 272 

and skeletal muscle, 160, 162 
and stomach, 183 64.^. 

68,69.70.I*S.»75.176 

and uterus, 178. ’'79 7®. 

Sodium tanrocholate, *7. 33. « > ' , jay 
and blood, 15. i14.iiS.»7.‘ 

and blood pressur^ 157 ,35 

and coagulation of blood, 7. 
and convulsions, id 

as detoxifying agent, aoa 

fate of, 54 

and heart, 15^^ , 

and intestine, - - 

intrajugular injection ot, 3/ 

intravenous injection of, 


and nervous s^tem, I 37 > ^39 

in obstructive jaundice, 25® 

and peptic ulcers, 191 
and placenta, 179 
and respiration, 16 
and skeletal muscle, loa 
and stomach, i8a, 183 

69,70.115,175 

and urine, 15 
and uterus, i 79 

Somnolence, i 37 > ^33 , 

Specific gravity of bile, la, i3, ^4, 4 , 
Spermatozoa, disruptiou of, by bile 

salts, 15. 115 . 

Spinal fluid, bilirubin m, 56 

^^^biliaryfist^i^ 

d^drocholate, 274 

Spontaneous canatotioYf’tnlio 

nantbile 

Starvation icterus, 230 
Stasis, mechamcal, 229 
Staas icterus, 243 

Stearic add and peptic ulcers, 193 

Stearin, 28 
Stercobilin, 55 > 5 ^ 

Stercorin, 9 ^ 

Sterins, 29 , 43 

Sterols, 102 loa 

stomach and bile, 10, 12 , 182 83,19 

Stupor, IS. 137, »35 


.ubcutMeoustnj® ,54, 

of bile, Ilf-. 

110,224 

of bilirulMn,83“ 4 

Subdural injection 
of bile, 139, If 
of bile salts, I39 
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Subserosa, 223 
Sucrose, lai 

Sugar (see also Blood sugar) 
assimilation of, and cholic acid, 46 
in bile, 29-30 

inhibitory action of, on hemolysis, 121 
in urine, 166 
Sulphanol poisoning, 33 
Sulphates, ethereal, 28 
Sulphur, neutral, in jaundice, 234, 236 
Sulphuric acid salts, 28 

Surface tension 
of bile acids, and toxicity, 16 
of taurocholic acid, 25 
Surgical risk in jaundice, 259-61 
Surgical shock, secondary, 222, 224 
Sweat (see also Perspiration) 
bile pigment in, 55 
coloring of, in jaundice, 236 
Sympathetic nervous system, bile and, 
43, 143; see also Nerves; Nervous 
system 
Syphilis, 229 

Tachycardia, 146, 148, 150-51, 153, 223 
Taste 
of bile, 2-3 
in jaundice, 236 
Taurin, 17, 67, 69, 71, 106 
in bile, 69 
in blood, 69, 113 
death due to, 69 
and excretion of bile adds, 54 
in feces, 69 
and heart, 148 
and nervous system, 142 
ori^n of, 44 
putrefaction and, 197 
toaddty of, 8, 10 
in urine, 69-70 

Taurocholate in obstructive jaundice, 47 
Taurocholic add, 25, 60, 69, 72, 106 
death due to, 214 
excretion of, 188 
fate of, 54 
and heart, 147 
in jaundice, 234, 236 
pK of, 26 


purity of product, 61 
surface tendon of, 25 
Tears, bile pigment in, 55 
Teeth, temporary, 251, 252 
Temperature (body), 23, 236 
Terminology, 6, 21, 73 
ancient, 1-2 

Testes, action of bile on, 179 
Tests 

for bile in the urine, 166, 171 
for bile adds, 108, 109, in, 167, 169 
for bile pigment, 108 
for bile salts, 108, 109, in, 140, 169, 
279, 280 

for bilirubin, 88-89, 108, 229, 279 

for cholesterol, 95 

for cholic acid, 21, 106 

of liver function, bilirubin as, 82-83, 

90 

for surface tendon of urine, 176 
for urobilin, 92 
Tetanus, 15, 65, 137, 140, 163 
Thelykinin, 179 

Therapeutic effects of bile adds, 269-78 
Thirst, 215, 217, 255 
Thiry-Vella fistula, 184, 185 

Thoradc duct, 254 
ligation of, 255-56 

Thrombods, 7, n, 13, 42, 61, 80, 128, 
138, 1 57; see also Emboli 
Thyroid extract and bile excretion, 43 
Thyrotodcods, 58 
Thyroxin and gastric ulcers, 192 
Time of day and variation in bile, 21, 41, 
45-46 
Tissues 

action of bile on, 19 

action of bile applied directly to, 7, 19 

and bile adds, 224, 269 

bile pigment in, 56 

and bile salts, 68-69, Bo 

and bilirubin, 76, 79-80, 83 

cholesterol in, 94, 96 

extravasations of blood in, 73, 76, 226, 

Toxic j aun<fice, 243 
Todns, 39, 102, 196-203 



INDEX 


Tracheal mucosa and bile salts, 19 
Transfusion (blood), 260 
Trioxysterocholenic acid, 29 
Trypanogen, 206 
Tuberculosis, 76, 92, 93 
Tumors, small; see Xanthoma 
Twitching, 233 
Typhoid fever, 92, 105 
Typhoid jaundice of Leberet, 246 
Typhus, 22 

Ulcers; see Duodenal ulcers; Peptic 
ulcers 

Ultraviolet rays, 46, 267 
Unfiltered bile, tosdcity of, 61 
Urea, 28, 29, 71 

Uremia, 12, 174, 246, 248, 259, 260 

Uric acid, 29, 257 

Urine 

albumin in, 113, 165, 168, 172, 176, 
216, 217, 218 

bile in, 112, 165-77, ai6, 217, 218 
and kidneys, 166, 171-73 
and bile acids, 8, 52 E, 113, 167, 168, 
170, 174, 189, 234 

bile pigments in, 8, 9, 54, 55, 1 12-13, 
165, 166-67, 168, 169, 170, 171, 
218, 235-36 

bile salts in, 167, 169-70, 171, 176, 
177, 251 

during pregnancy, 251 
and biliary fistula, 266 
bilihumin in, 166 

bilirubin in, 56, 74, 76, 77, 78, 92, 166, 
167, 170, 174, 227-28, 234 
biliverdin in, 166 
blood in, 171, 17a* ai6, 223 
casts in, 171, 172 , 177 
cholesterol in, 95 , 97 
color of, 165, 166-67 
in congeniti atreaa of bile ducts, 253 
in feigned icterus, 225 
filtering of, and toxicity, 175 
glycocoll in, 71 
in icterus neonatorum, 251 
in jaundice, 139, 165, 166, 169, 17*^ 
71, i73*-77> ^^9 ® 33 s a 34 > 236, 

237 

and liver, 8, 17a 
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in obstructive jaundice, 8, 165, 166- 
67, 168-69, 170, 174, 255, 256 
output of, and bile acids, 174 
and socfium dehydrocholate, 176, 275 
and sodium taurocholate, 1 5 
sugar in, 166 
taurin in, 69-70 
test for bile in, 166, 171 
test for bile salts in, 140 
test for surface tension of, 176 
toadcity of, 173 
urobilin in, 93, 170 
urobilinogen in, 92, 93 
UrobiUn, 32, jo-ji, 7J, 91-93 
m bile, jo, 92, 93 
in blood, 50, 92, 93 
daily output of, 92 
in erysipelas, 92 
fate of, 55 
in feces, 93 

and intestinal acholia, 93 
and intestine, 93 
intravenous injection of, 50-51 
and jaundice, 93 
and kidney, 92 
in leprosy, 92 
and liver ^sease, 92 
in lymphatic leukemia, 92 
in mal^a, 92, 93 
in nephritis, 93 
in obstructive jaundice, 92 
in pneumonia, 92, 93 
in polycythemia, 92 
test for, 92 
toaddty of, 93 
in tuberculous, 92, 93 
in typhoid fever, 92 
in urine, 93, 170 
Urobilinogen, 32, 50, 56, 92 
in bile, 92, 93 
fate of, 55 
in feces, 92, 93 
in urine, 92, 93 
Uroporphyrin, 33 
Uteroverdin, 75 

Uterus, action of bile on, 178-79 

Vacdne virus and bile, 202-3 
Variations in normal bile, 33 -^ 3 ^i 

Diet and variations in bile; Hme of 
day and variations in bile 
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Vasoconstriction, 126 
Vasodilatation, 126 

Vegetative nervous system, bile and, 
143; see also Nerves, Nervous sys- 
tem 

Vella fistula, 183, 184, 185 
Veronal, 43 
Viosterol, 267 

■\^tamins, 16, 28-29, 57, 58, 132, 266, 
267, 268 

Vomiting, 182, 215, 217, 218, 236, 255; 
see also Regur^tation 

Water intake by mouth, and bile, 41 
Wright, loss of {see also Malnutrition; 
Nutritional disturbances 
and bifiary fistula, 26a, 263 
in jaundice, 233 


White bile, 6i, 103-4, ^^37 
White blood cells {see also Blood; 
Leukocytes) 
cholesterol in, 95 
disintegration of, by bile salts, 1 5 
Whole bile 

action of, on blood, 114; see also 
Erythrocytes 
toxicity of, 71, 141 

Wounds, effect of bile placed directly 
on, 7 

Xanthelasma, 100, 240 
Xanthoma, 96, 240-41 
XanthophyU, 74, 75, 240 
Xanthopsia, 241 

Yellow bile, 3 
Yellow virion, 241 
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